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House of Vision display at the equipment 
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specifications eee i-GARD 
lenticular cataract 


Not a substitute... 
The object of providing a bifocal of reasonable 


weight and good optical properties for post oper- an ‘oe new medium 


ative cataract cases has been accomplished for 


the first time. for providing 
The range now offered covers distance correc- Visual Protection 


tions from + 10D sph. to + 20D sph. in 0.50D 
steps, combined with minus cylinders from 
—0.50D to —6.00D in 0.50 steps. Additions 
available are 2.50D, 3.00D, 3.50D and 4.00D 
on all distance powers. 


Tomorrow's lens 


e 
Plastic | 
Lenses 


As with the 1-GARD Convex Lenticular range, 
the uncut lens diameter is 49.6mm. while the 
distance aperture is 32mm. The optical centre 
of the distance power coincides with geometri- 
cal centre and the optical centre of the 28mm. 


dia, reading segment is 8mm. below this. i ny Non-Shatterable 
The inside base curve is from —5.00 to —6.00D, ; * bee 
while the outside marginal curve is + 6.50D on Feather-Light 
Fog-Resistant 
Normally, the minimum thickness of the marginal 
portion is 1.5mm., the centre substance varying from é s Clearer Vision 
4.5mm. to 7.5mm. according to the power. 

Water-White 


DEPT. E 


McLEOD OPTICAL COMPANY, INC. 


357 Westminster St., Providence 1, R. 1. 


We will welcome your request for full information about |-GARD plastic lenses and will be happy to send you the name 
of your nearest I|-GARD Distributor. McLeod Optical Company, Inc., Dept. E, 357 Westminster Street, Providence, R. |. 
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now available! 


Sterile, stable, eye medications in the new 


Single dose sterile eye solutions 


in disposable dropper units, developed by 
Robert R. Feinstein and Associates in collabora- 
tion with major eye hospitals in the U.S.A. 

A major advance in the maintenance of sterility 
in operating procedure and post operative 
therapy. A necessity in every eye operating room 
and wherever eye injuries are treated. 
STERIDROPPAS contain all important 
solutions required for ocular surgery. 


* trade mark 
pat. pend. 


OPHTHALMOS, INC. 
4808 BERGENLINE AVE. 
UNION CITY, N. J. 


VISIT OUR EXHIBIT BOOTH #2 A.A.0.O. WALDORF-ASTORIA HOTEL 
NEW YORK, N. Y., SEPTEMBER 19-24, 1954 
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Panoptik Large Seg has segment 
24mm wide x 16mm high. As compared 
with other segments, it provides widest 

reading field at accustomed 
reading level, and yet provides an 
extra area of distance 
correction on the sides. 


Widest reading field—at normal level of reading habit— 
is provided by the Panoptik Large Seg bifocal. 

Yet, because of Panoptik scientific reading segment 
design—‘“‘flat” top with rounded corners—this reading 
field is achieved with minimum encroachment on distance 
portion. Admirably suited to decentration of segment 
to obtain nominal amounts of prism base-in or -out. 

In any prescription it affords your patients the required 
wide comfortable reading field, but makes possible 

the safety of “all-around” distance correction. 

Orthogon Panoptik Large Seg is not a ‘‘special” lens, 

but a standard product regularly stocked and available 

on regular R from your laboratory or supply house. 
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The FINK NEAR VISION 
Test book — with only one 


size type on a page—is a com- 
plete departure from the usual 
near vision test. 


These are some of its advantages: 


Only one size type on a page 

Percentage rating, Jaeger designation, and inch designations on each page 
Durable plastic construction 

Completely washable 

Pages notched on left and right for easy turning 

Comfortably held by patient during test 


Has illiterate chart 


Eleven pages. Over-all size of test book 4%" wide x 8%" long 


Write or call your nearest BENSON LABORATORY for further details. 


Since 1913 CHOLOYL Executive Offices @ Minneapolis, Minn. 


LABORATORIES IN LEADING UpPpER MIDWEST CITIES 


— 4 — 
—_— 
estin 
4 
q 


THE NEW Rodenstoch EVE-REFRACTOMETER 


for fast, accurate diagnosis 


Excellent for fast objective 
The Rodenstock Eye-Refractometer 
and cylindrical refractions, 


erates, and pin-hole pupils. 


suming basic diagnosis, so tiring to 


cases of strong astigmatism, and sensitive or nervous patients. 
Refractometer tends to increase the patient's confidence 


patient's self confidence. 


Range from plus 20 D. to minus 20 D. 


An instrument of the future 


Ask the doctor who owns the Rodenstock! 


it enables you to objectively diagnose 
Pupil size 


determination 
permits 
including axis inclination. 

problem cases such as children, illit- 


the 


human eye. 
of spherical 


of refraction of the 
immediate reading 


has no effect. Eliminates time con- 
patient. It is particularly helpful in 
The Rodenstock 
in the Doctor, and the 


available today. 


Rodenstock VERTEX REFRACTIONOMETER 


UNEXCELLED FOR MEASURING ANY LENS 


Range from plus 25 D. to minus 25 D. 
Quick, accurate, 
sitive test mark. 


advanced optics, sen- 


test mark and at the same 
read power, axis, prism, 
in the ocular field of view. 


Focus the 
time 
base, 


prism 


Known for accuracy, speed, 


and precision of workmanship, 


Marking 
according 
dust on 
Ink does 


Streamlined 
struction, 
pounds. 


device spots cylinder axis 
to prescription. Prevents 
ink pad when not in use. 
not dry or evaporate, 


design, 
Weighs 


dustproof  con- 
less than eight 


AT THE WALDORF-ASTORIA 
September 12th to 17th and 19th to 24th 
BOOTH 107 
I cordially invite you to visit me at 
the seventeenth International Congress 
of Ophthalmology and the fifty-ninth 
Annual Convention of The American 
Academy of Ophthalmology and Oto- 
laryngology during the two weeks 

shown above. 


I will display fine imported instru- 
ments by: 

Hamblin 

Krahn 

Oculus 

Rodenstock 

Stearman 
and many others. 
In the meantime send for any of the 
catalogues listed at the right. Then you 
will have basic information that will 
be completed when we meet. 


eilman 


anton 


75 Madison Avenue 
New York 16, N. Y. 


ANTON HEILMAN 
75 Madison Ave., New York 16,N.Y. 


Kindly send the following catalogues: 


by RODENSTOCK 


Eye Refractometer 
Vertex Refractionometer 

| Test Lens Sets and Trial Frames 
Combi Refracting Unit 

|| Ophthalmic Frames 

[| Ophthalmic Lenses 


by KRAHN 


Slit Lamp Binocular Microscope HSE 
Binocular Ophthalmoscope OFE 
Ophthalmometer BE 

Prism Exophthalmometer C 

Rapid Change Instrument Table WEZ 
Scotometer D 

Universal Revolving Ophthalmic Unit 


by OCULUS 


Visuscope—-The NEW Measuring Ophthal- 
moscope 
Universal Trial Frames 
Standard 12 Frame [| Children size 
{| Frame Demo. lens insert sets for dispensing 


by HAMBLIN 


Operating Loupes 
Lister-Morton Ophthalmoscope, battery or 
electric 


Lister-Loring Ophthalmoscope 
Purvis Streak Retinoscope, battery or electric 
Professor Amsler Charts (to detect meta- 
morphopsia, relative scotoma) 


by STEARMAN 
Diprose Hand Slit Lamp & Focal Illuminator 


Rexometer 
Eye Surgical Instruments 


AO 954 | 


Name 
Address 
City State 


My supplier is: 


The the Guild 


@ The aim of the Guild of Prescription 
Opticians of America is to advance the 
science of ophthalmic optics through 
the development of a country-wide 
ethical optical dispensing service that 
comprehensively meets the needs of 
the Eye Physicians and their patients; 
and to educate the public to the fact 
that the Eye Physician-Guild Optician 
type of eye service truly renders the 
most desirable form of eye care. 


This statement of the Guild's purpose is reprinted from the cover of the 
REFERENCE LIST OF GUILD OPTICIANS, a geographical index of 
all our members. If you would like a copy, just drop a two-penny post card to 


Che Guild of Prescription 
Opticians of America, Ine. 


110 E, 23rd Street New York (10) N.Y. 
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Flat Top 3-Way 


Round Top 3-Way 


MODERN 
3-WAY SEGS 


...No blur from “arm’s-length” to “reading” 
NOT just an oversize continuous-vision lens... the JUMBO-25 has two 
major design innovations. a broad arm’s-length field and a specially placed 
optucal center. 

You might call it “The Bookkeepers’ Lens,” because there’s no 
jump...no blur...no loss of a row of figures as the wearer's line of 
sight passes from arm’s-length to reading field. This smooth transition 
is achieved by placing the optical center of the seg itself on the dividing 
line between arm’s-length and reading areas. 

The JUMBO-25 is thoroughly MODERN, of course. Threshold- 
welded, Akro seg glass, corrected curves . 


Ready now for immediate shipment. 


if it must be best, it must be MODERN! 


MODERN 


HOUSTON *© SAN FRANCISCO *© CLEVELAND 


4 N 
proudly announces the new 
\ 
JUMBO 
‘ 


Most Natural 
ARTIFICIAL EYES 


of implants. 


Selections sent on memorandum from the most complete group of eyes. Careful 
attention given to all referred cases. 


The Doctor and his patient must be completely satisfied or there is absolutely 
no obligation. 


Of Service Since 1906 


DENVER OPTIC COMPANY 


310 University Bldg. Telephone Main 5638 Denver 2, Colorado 


PLASTIC OCCLUDERS 


Available in black or white handles, 25 cm. long occluders are cupped to 70 mm. radis 
and Red Lens are plano. 


Single End Handles are: 


Occluder with plain handle. ' 
Occluder with 160 mm. scale on handle. ° : € 
Small red lens handle 12 cm. long. 


Red lens handle 25 cm. long. 
Red multiple maddox rod handle. 


Double End Handles: 
Red lens and Occluder. 

Maddox rod and Occluder. ) 
Maddox rod and Red Lens. 

Double Maddox Rod. 

Available at all surgical and Optical suppliers. 


Manufactured by 


4920 N. LAWRENCE ST. R. O. GULDEN PHILADELPHIA 20, PA. 


Our complete brochure is now available. 


— 
Dispensers and makers of fine eyes of plastic and glass. Eyes to fit all types 
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drop for drop... 


and minim for minim... 


STERILE OPHTHALMIC 


SUILOAW 


SINVOINGNI 
SOLLVINGAN 


SOLUTIONS 


assure the utmost in: 
e CLINICAL EFFECTIVENESS 
e PATIENT PROTECTION 


Scientifically prepared, 

ISO-SOL ophthalmic solutions are: 
e@ physiologically active 

@ exceptionally well tolerated 

e@ buffered for stability 

© sterile and bacteriostatic 


and available in a variety 
of preparations routinely employed 
in ophthalmologic practice. 


Specify ISO-SOL— 
each dropper botile is sterile. 
sealed and dated. 


® 


Myotics, Mydriatics 


Antiseptics 9nd Lubricants 
Pilocarpine HCl. % 1, 2 and 4% 
in 


15 ce. Sterile, sealed dropper bottles 
Eserine Salicylate %, ' | 


7.5 cc. sterile, 


‘INI ‘ANVdWOD 


TVa¥LNOW “A "LS GNIBAHLVD “LS “OO UYNVH AI 


4 and 2% in 
sealed dropper bottles. 


Note: ISO.soL 
serine ; 
ne* discolor, Salicylate solutions will 


"ACN “LT NATNOOUS 
@ANSAV HSOGLVI4 OFT 


Write for a descriptive list 
of all 1SO-SOL products. 


x 
Yew 
Atropine Sulfate y S.P %, 1,2 and 4% in 
4 cc. Sterile, sealed and dated Cronner bottles, 
Homatropine Hydrobromide U.S.P. 2 ang 5% in 
4 «x Sterile Sealed and dated dr, 


EYES 


Individually Created 


Davin A. GRrossBERG INC. 


133 EAST 58th STREET NEW YORK 22, N.Y 
WICKERSHAM MEDICAL BLDG. 


THE BEST IS NONE T00 GOOD 


When precious human vision is at stake no effort should be 
spared to succor it. You know that and so do we. Your 
reputation is built on the impeccable integrity and proficiency 
of your professional services. Our reputation is built on 
the precise and skillful interpretation of every prescription 
entrusted to us. Thirty-one years ot successful operation 
have given us the know-how to guarantee you expert, meticu- 
lous workmanship . . . to assure your patients the very 
best of eye-wear to sustain their priceless vision. And you 
can bank on it without reservation that only the fincst of 
materials—the known and trusted brands—are used, to the end 
that your reputation and your patients’ visual comfort and satis- 


faction may never be in jeopardy. 


DOW OPTICAL CO. 


W. E. DOW, Pres. 
Chicago, Ill. Bloomington, Ill. 
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OW MORE ACCURATE VISUAL DIAGNOSIS 
N IN THE EYE, EAR, NOSE ano THROAT 
WITH THE NEW, IMPROVED 


DIAGNOSTIC SETS 


American Cystoscope Makers offers the medical profession 
the finest line of Diagnostic Sets in its entire history. These 
new sets incorporate the outstandingly important feature 
—exclusive with the ACMI ophthalmoscope — of a coated 
lens system, greatly increasing the amount of light trans- 
mitted, improving definition and clarity of the image, and 
eliminating halo, flare and ghost images. 


STANDARD SET comprises ophthalmoscope head (with 
built-in color filter and aperture changer), otoscope head 
with 3 specula, medium battery handle and one spare 
lamp, in plush-lined case, with space for additional specula 
and tongue depressor. 


COMPACT SET, for the practicing physician, includes 
ophthalmoscope head (with built-in color filter and aper- 
ture changer), otoscope head, 5 ear and 1 nasal specula, 
small battery handle and extra lamp. Additional space for 
tongue depressor and more specula. 


Compact Set, Catalog No. 1107 e 


LARGE SET contains otoscope head, 5 ear and 1 nasal 
specula, ophthalmoscope head (with built-in color filter 
and aperture changer), large battery handle, 1 extra 
lamp, with provision in case for tongue depressor head, 
additional specula and lamp replacement. 


PROFESSIONAL SET. This, the most complete Wappler 
set, incorporates an otoscope head with 5 ear and 1 nasal 
specula, tongue depressor head, ophthalmoscope head 
(with built-in color filter and aperture changer), large bat- 
tery handle, extra lamp, and rubber bulb for insufflation. 


AMERICAN CYSTOSCOPE MAKERS, INC. 


Frederick J. Wallace, President 
1241 LAFAYETTE AVENUE » NEW YORK 59, N. Y. 


— 
Standard Set, Catalog No. 1106 Pid a3 
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HARRINGTON 
TONOMETER 


This is an extremely accurate instrument. | 


The dial has three scales, the outer being 
the expanded Schiotz scale, 0 to 20, the 
middle and inner scales being direct 
readings in millimeters of mercury for 
the 5.5 and 7.5 gram weights. 


10 and 15 gram weights are included, 
with conversion table. 


Descriptive leaflet sent on request. 


Fully guaranteed 


PARSONS OPTICAL LABORATORIES 


(4A) 518 Powell Street San Francisco 2, Calif. 


The test of time proves that the 
“LACRILENS”® contact lens can be worn 
for long periods of time in aphakia and in all 
sports, including swimming. Write For Brochure 


Laboratories Inc. 


49 East 51st Street, New York 22, N.Y. 


Manufacturers of all types of Contact Lenses ® 
Branches in 
PHILADELPHIA « MONTREAL « JOHANNESBURG 
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* for reading add of 2.00 D., 3 mm. 
pupil size, 11 mm. vertex distance. 


BASE CURVES ADDITIONS WHITE ROSE TINT #1 
PRESCRIPTION UNIVIS 
AVAILABILITY | 4 6% 7 D 28 
UNIVIs D-28 |8'%4, 10% 0.50-3.00 x 
SEMI-FINISH 
20 BLANK 12 2.00-3.00 X sen 
from your Univis laboratory. 


THE UNIVIS LENS COMPANY / DAYTON, NEW YORK, CHICAGO 
LOS ANGELES, SAN FRANCISCO BRAY AWES 


for YOU presbyoP™™ patien's who 
WV \ D E field reading depth 
more geld 
AO cms: han p-22* 
more field 
AO cms: p-20* 
p-28'5 on extremely gynctiono” gensid\¥ 
priced \ens gesiane® for 
patients fot whom you want pre- 
gcrive wide reading field without 
rhe benefits of desia": 


A. M.A. 
ARCHIVES oF OPHTHALMOLOGY 
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CARBONIC ANHYDRASE INHIBITOR ACETAZOLEAMIDE (DIAMOX) 
A New Approach to the Therapy of Glaucoma 


GOODWIN M. BREININ, M.D. 
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HEINZ GORTZ, M.D. 
NEW YORK 


HE FOLLOWING study on the treatment of glaucoma with the carbonic 

anhydrase inhibitor acetazoleamide ( 2-acetylamino-1,3,4-thiadiazole-5-sul- 
fonamide; Diamox) was initiated in October, 1953, and covers a four-month 
period of observation. 

Inhibition of carbonic anhydrase by acetazoleamide is a new and useful means 
of lowering the intraocular pressure. Acetazoleamide, a heterocyclic sulfonamide, 
was developed by Roblin and associates, in 1950,* as a diuretic agent whose action 
was based on inhibition of carbonic anhydrase in the renal tubular epithelium. 
Carbonic anhydrase catalyzes the hydration of carbon dioxide to form carbonic 
acid: HeO+COse HsoCOs,. The carbonic acid dissociates to form H* and HCO, 


Thus, the level of hydrogen ions and bicarbonate ions is affected by this enzyme. 


In the kidney there ensues a hydrogen-sodium exchange between the tubular 
epithelium and the glomerular filtrate, resulting in the normal conservation of base 
and the formation of an acid urine.’ When acetazoleamide is given, the carbonic 
anhydrase is blocked, so that the hydrogen-sodium exchange fails to occur to the 
normal extent. HCQOs, Nas, Ky, and H2.O are then excreted in a profuse diuresis 
of alkaline urine.t| This action is of great value in cardiorenal edemas, for which 
acetazoleamide has been said to have a diuretic effect rivaling or exceeding the mer 
curials.° 

Since the aqueous has been shown by Kinsey ° to have a significant excess of 
bicarbonate over plasma and in view of the significance of bicarbonate in the Fried 
enwald * scheme of aqueous secretion, the use of this drug seemed indicated as a 
means of lowering the electrolyte concentration of the aqueous, its Osmotic pressure, 
and thereby the intraocular pressure. Such a hypotensive action of acetazoleamide 
has been demonstrated in the cases of this report. 

The question immediately arises whether carbonic anhydrase is indeed present 
in the ciliary epithelium, since acetazoleamide could not be expected to act in its 

Supported in part by a grant from the National Council to Combat Blindness, Inc. 

From the Department of Ophthalmology of the New York University Postgraduate School 
of Medicine 

Presented by Dr. Breinin before the New York Academy of Medicine, Section of Ophthal 
mology, Feb. 15, 1954 

\cetazoleamide (Diamox) was supplied through the courtesy of Dr. J. A. Gallagher, of 
Lederle Laboratories Division, American Cyanamid Company, Pearl River, N. Y 
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absence. Using a changing-pl1 method, Maren 7 has found levels of carbonic anhy- 


drase in the ciliary body comparable to those of the kidney. Using various methods, 
Westbrand * has reported on the perfused ciliary processes and iris of the rabbit, 


in which carbonic anhydrase activity, about one-seventh that of the red blood cells, 
was found. It is fortunate that a quantitative relation exists in the inhibition of 
carbonic anhydrase by acetazoleamide, so that structures containing smaller amounts 
of the enzyme can be inhibited by doses too low to affect vital processes.+ Thus, 
there is no danger of affecting respiratory exchanges in the red blood cells by con- 
centrations which inhibit the activity of the kidney. Carbonic anhydrase occurs in 


many body tissues—red blood cells, kidney, pancreas, brain, stomach, ete. It has 
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hig. 1.—Theoretical mechanism of the action of carbonic anhydrase and its inhibition by 
acetazoleamide (Diamox ). 


heen reported in very high concentration in the lens" and retina, so that damage 

to their function by therapeutic doses seems unlikely.'” Nevertheless, only time can 

tell whether untoward reactions may be induced. ’ 
lhe mechanism of acetazoleamide action in the eye, as we conceive it, is illustrated 

in Figure 1, The Friedenwald theory * states that a cytochrome system in the ciliary 

epithelium reduces molecular oxygen, thereby enabling it to react with water to - 

form hydroxyl ions. This is the very essence of the secretory process. The hydroxyl 

ions are produced in excess and react with CQ, to form bicarbonate. Carbonic anhy- 

drase has not been implicated in this process, but we believe it plays an important 

role. Thus, the excess production of bicarbonate ions cited by Friedenwald would 

he partly dependent on carbonic anhydrase. In the absence of that enzyme the reac- 
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tion still goes on, but at a reduced level. Normally, the excess bicarbonate draws in 
stromal cations, chiefly sodium, which is also present in excess in aqueous; and 
because of the hypertonicity of aqueous, largely due to these electrolytes, there is an 
osmotic inflow of water. Aqueous in man is reported as having an osmotic pressure 
5 mM. in excess of plasma.’ We assume that in glaucoma the electrolyte pattern 
is not markedly altered. 

What, then, happens when carbonic anhydrase is inhibited by acetazoleamide ? 
We assume that the reactions then proceed at a lower level—hicarbonate still enters 
the aqueous but in reduced concentrations ; the aqueous sodium likewise should be 


reduced ; the osmotic pressure should fall, resulting in less water influx, and the 


ater provocative test before and after acetazoleamide 


Fig. 2 (Case 


intraocular pressure should decrease. In the absence of electrolyte determinations, 
this scheme must be conjectural ; nevertheless, it appears reasonable and in accord 
with what is known of acetazoleamide pharmacology. We have, moreover, clinical 
data provided by the water provocative test which strongly suggest that such a 
process is indeed occurring within the ciliary epithelium. 

When a water provocative test is given to a patient with chronic simple glaucoma, 
there is an induced ocular hypertension, based on the disparity in osmotic pressure 
between aqueous and the diluted plasma. The 5 mM. aqueous excess is increased, 
and hence a greater influx of water results, raising the intraocular pressure. Event- 
ually, the aqueous is so diluted that the disparity ceases to exist and the intraocular 
pressure falls. 

We have used the water provocative test as a clinical clue to electrolyte varia- 
tion. If the level of aqueous electrolytes is depressed by acetazoleamide, there should 
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follow a more nearly normal pressure curve, inasmuch as the osmotic pressure dif- 
ferential would be reduced. This is, in fact, what we encountered. 

Figure 2 illustrates water provocative test curves before and after acetazoleamide. 
The latter curves are entirely normal, showing a new control present over the secre- 
tory mechanism, whereas prior to treatment typical glaucoma curves are evident. 
Figure 3 shows the curves in another case of chronic simple glaucoma. After an 
initial rise following treatment, the tension returned to the base line and below within 
an hour, whereas the tension curves before treatment are of glaucomatous type. 
Figure 4 is another such example. It is unlikely that such control, after treatment, 


could be produced in so short a time by any other than an intraocular (ciliary body ) 


mechanism altering the aqueous electrolytes, for there is only about 0.2 cc. of 


Water provocative test before and after acetazoleamide 


aqueous, as compared with several thousand cubic centimeters of plasma. Diuretics 
per se have not been of any particular value in glaucoma therapy, and we believe 
that the hypotensive action of acetazoleamide must be ascribed to a primary effect 
upon the secretion mechanism—breaking, as it were, a weak link of the physiologic 
chain of secretion. The definitive proof of this contention must await electrolytic 
analysis. Tonographic curves, where obtained, before and after treatment, were 
unchanged, indicating no alteration of the outflow mechanism, but, rather, implicat 
ing the inflow mechanism, i. ¢., a decrease in rate of formation of aqueous. 


CLINICAL STUDY 
\ typical response of ocular tension to a single dose of acetazoleamide is given 
in Figure 5. After 500 mg. given orally, the pressure began to fall in half an hour, 
reaching a maximum depth in about three hours. It stayed down two hours and 
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then rose over a period of five hours to its previous level. Figure 5 also shows the 
difference in phasic variation of the diurnal tension curve before treatment and at 
the height of the effect. Actually, this damping of the phasic variation was not con- 
sistently found and no conclusions are drawn; but it is of interest that such a flatten- 
ing occurred briefly in several cases at the point of minimal tension. 

We have been greatly impressed with the importance of phase studies of ocular 
tension and realize that no glaucoma treatment can be completely evaluated on the 
basis of a single weekly, or even daily, tonometric determination. We have, there- 
fore, hospitalized as many of our patients as possible and carried out tension studies 
four times a day (8 a. m., 12 n., 4 p. m., and 8 p. m.), sometimes for as long as 
two weeks, but usually for a minimum of five to seven days. We obtained a diurnal 
curve before and after treatment. Thirty-one cases are cited in which the follow-up 
study was adequate to permit us to state whether the treatment was effective in con- 
trolling the glaucoma for a significant length of time. 

The following criteria were employed in determining whether treatment was a 
success Or a failure. Treatment is successful when the ocular tension is normalized 
and kept there throughout the period of observation by acetazoleamide alone or, 
when the tension is unresponsive to miotics alone, by acetazoleamide in combination 


with miotics. A failure is listed as absolute when no significant lowering of tension 
is obtained by acetazoleamide alone or acetazoleamide in combination with miotics, 
and as relative when the tension falls to normal limits but cannot be maintained there 
by acetazoleamide alone or in combination with miotics. Cases of the last type repre- 
sent temporary successful control of tension, but since the necessary maintenance 
of control is not present, we list them as failures. Similarly, a case with successfully 
controlled tension in which toxic manifestations require cessation of treatment is 
listed as a failure. Thus, the scale is weighed on the side of failure, but this appears 
proper, since glaucoma usually requires protracted medication. 
REPORT OF 


ILLUSTRATIVE CASES 


The following cases illustrate typical responses to acetazoleamide. All tensions 
are recorded with the Schigtz tonometer. 


Case 1.—1. I. (Fig. 2) was a 50-year-old white man with chronic simple glaucoma. The 
initial tension was 30 mm. O.D. and 26 mm. O.S. The angles were open. There was a typical 
glaucoma response to the water provocative test before administration of acetazoleamide but no 


tension rise after the drug (500 mg.). This patient’s glaucoma was satisfactorily controlled 
with the use of weak pilocarpine solution; hence his case is not included in the statistics. 


Case 2.—R. R. (Fig. 3), a 68-year-old white man, had chronic simple open-angle glaucoma 


The water provocative test gave glaucoma type curves, but after use of acetazoleamide the tension, 
after an initial rise, rapidly returned to normal levels and below. On acetazoleamide therapy 


(500 mg., a.m.; 250 mg., p.m.) he showed a good initial response, but the pressure rose to levels 


in the low 30's after three days. There was no better control with pilocarpine 2% alone, but 
when this drug was combined with 125 mg. of acetazoleamide q.i.d. the tension temporarily fell 
to 23 mm. O.D. and 23 mm. O.S. At the lowest point of tension, the phasic variations were 


effaced, but this effect lasted only one day (Fig. 5). Phasic swings were marked befor: 


and 


after administration, This case is classed as a relative failure Tonographic measurements 


before and after acetazoleamide were unchanged (low C) 


Case 3.—A. R. (Fig. 4) is a 58-year-old white man with chronic simple glaucoma. Water 
provocative tests showed early return to normal and below after acetazoleamide. On maintenance 
therapy (500 and 250 mg., daily), the pressure fell from about 30 to 20 mm., but rose to the 
original level after a few days. This case is classed as a relative failure 
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Case 4.—V. P. (Fig. 6), a 25-year-old Puerto Rican man, had an acute congestive attack 
with iridocyclitis in the left eye of 12 hours’ duration. He was in great pain, with a tension 
of 72 mm. After 500 mg. of acetazoleamide given intravenously, the pressure fell to 30 mm 
in about two and a half hours and symptoms subsided. On a daily routine of 250 and 500 mg 
the tension fell to 14 mm. the next day. He was given homatropine, then atropine and cortisone 
drops, with subsidence of the iridocyclitis. The treatment is classed as successful. This case is 
the prototype of a successful response in acute congestive and secondary glaucoma 

Case 5.—S. U. (Fig. 7), a 36-year-old white man, had bilateral pigmentary glaucoma with 
Krukenberg spindles and pigmented open angles. Tension was irregularly controlled with 
miotics A cyclodiathermy was done on the right eye, followed by return of hypertension 
Pension was 32 mm. O.D. and 32 mm. O.S. under treatment with carbachol U. S. P., 1.5% 
bid. He was given 250 mg. of acetazoleamide in the forenoon and 250 mg. in the afternoon, 
and the pressure fell to 24 mm. He was then given 500 and 250 mg. as a daily routine. All 
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Fig. 8 (Case 6; D. K.).—Chronie simple narrow-angle glaucoma. A, initial tension; / 
ridencleisis O.D.: C, iridencleisis O.S.; D, allergy to miotics; /, cyclodialysis O.D.; F, cyclo 
dialysis O.S.: G, uncontrolled tension; //, acetazoleamide therapy. 
miotics were stopped. The tension was controlled for six weeks, when there developed erythema 
ind hives of the extremities and facial edema. Acetazoleamide was stopped and the toxic signs 
cleared in several days, but the tension went to 37 mm. O.D. and 37 mm, O.S. This case 1s 
classified as a failure because we were unable to maintain the patient on the drug, even though 
tension was controlled with it 

Case 6—D. K. (Pig. 8), a 58-year-old white woman, had chronic simple glaucoma OU 

narrow-angle type). The history may be summarized as follows: (a) Initial tension (1950) 
55 mm. O.D. and 46 mm. O.S.: (b) iridencleisis, O.D.; (c) iridencleisis, O.S.; (d) development 
of allergy to mioties; (e) cyclodialysis, O.D.; ({) cyclodialysis, O.S.; (g) hypertension despite 
various mioties; (4) acetazoleamide, 500 and 250 mg. daily, with tension falling to 19 mm O.D 
and 19 mm. O.S. The dose was cut to 500 mg., then to 125 mg. q.i.d., with which polyuria 
and paresthesias were minimal. The glaucoma has been successfully controlled for two months 


n acetazoleamide alone 
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Case 7.—J. S. (Fig. 9), a 58-year-old white woman, had chronic simple open-angle glaucoma 
The initial tension was 40 mm. O.D. and 35 mm. O.S.; tension was maintained in the low 30's 
on miotics. On acetazoleamide alone, 500 mg. daily, the tension fell to 19 mm. O.D. and 
16 mm. O.S. After she had failed to take medication for two days, the tension rose to 48 mm 
O.D. and 35 mm. O.S. On 250 mg. b.i.d. the tension fell to the mid-20’s. It then spontaneously 
rose to 46 mm. O.D. and 37 mm. O.S. On 500 and 250 mg. the tension fell to 32 mm. O.D 
and 27 mm. O.S., but rose to 46 mm. O.D. and 37 mm. O.S. On 500 mg. and pilocarpine 2% 
t.i.d., the tension fell to the middle 20’s. She was given 125 mg. q.i.d. plus pilocarpine 2% t.i.d., 
and tension has remained in the low 20's. This case illustrates the escape from control and the 
stepwise rise in tension troughs, until the combination of acetazoleamide and pilocarpine finally 


maintained control. This case is classified as a success. 
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Fig.9 (Case 7; J. S.).—Chronie simple open-angle glaucoma 


Case &.—]. P. (Fig. 10) is a 73-year-old white man with chronic simple glaucoma. The 
imtial tension was 40 mm. O.D. and 30 mm. O.S. Very small visual fields were present. The 
patient's glaucoma was uncontrolled on pilocarpine 4% and physostigmine 0.5% qth. 
administration of acetazoleamide, 500 and 250 mg. daily, in addition to the miotics, pressure 
fell to 30 mm. O.D. and 20 mm. O.S., but returned to intermediate levels after several days 
\ pilocarpine series brought the tension to 34 mm. O.D. and 34 mm. ©.S. It has been held in 
the mid-30’s by acetazoleamide 125 mg. q.i.d., combined with miotics. This case is classified 


as a relative tailure 


Case 9.—P. ©. (Fig. 11) is a 68-year-old white man with aphakic glaucoma in the right eye 
Despite all kinds of miotics, tension was in the mid-50's. Routine acetazoleamide therapy ot 
500 and 250 mg. daily plus miotics was given, and the tension fell to 18 mm. O.D. and 18 mm 
O.S. At the lowest point of tension, the phasic variations were damped down. The drug wa 


stopped, and the pressure promptly rose to 53 mm. On the 500 and 250 mg. routine the pressure 
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fell to 35 mm., where it has stayed. Topical use of acetazoleamide was ineffective. Sodium 
bicarbonate 2 gm. q.q.h. had no effect on the tension. This case is classified as a relative failure, 
although the tension has been considerably reduced 

Case 10.—F. S. (Fig. 12) is a 70-year-old white man with chronic congestive narrow-angle 
glaucoma of the left eye. He had a tension of 45 mm. on treatment with miotics. On acetazole- 
amide therapy alone, 500 and 250 mg. daily, the tension fell after two days to the mid- and low 
20's. It then began to rise, and the drug was stopped. The pressure returned to 45 mm. The 
drug was given again, and the pressure fell to the range of 30 mm. and has stayed there. This 
case is classified as a success 


Case 11.—M. B. is a 43-year-old white woman with acute congestive attacks superimposed 


on chronic narrow-angle glaucoma. Despite miotics, she had two to three attacks a week, with 


pain, corneal edema, and tension of 80 mm. The eyes were alternately affected. The attacks 


| 
| 


Fig. 12 (Case 10; F. S.)—Chronie congestive narrow-angle glaucoma 


lasted two to three hours. In November, the patient received 500 mg. of acetazoleamide daily 
and had only one abortive episode, when she split the dose into 250 mg. b.i.d. On a dosage of 
500 and 250 mg. she has had no further attacks in two and a half months. Paresthesias have 
caused some discomfort, but the patient is very happy with the medication. This example of 
glaucoma prophylaxis is very interesting and supports the Chandler concept of relative pupillary 
block in narrow-angle glaucoma, for if a sudden increase or spurt of aqueous formation is the 
trigger mechanism in closing the angle and initiating a congestive attack, the use of acetazolea 
mide may be construed to abolish it; the depression of aqueous formation prevents angle closure 
and the congestive cycle of events. This case is recorded as a success 

Case 12.—B. D., a 49-year-old white man, had an attack of acute congestive primary glaucoma 
in the left eye, with a tension of 16 mm. O.D. and 37 mm. O.S. Acetazoleamide 500 mg. brought 
the tension down in one hour to 14 mm. O.D. and 27 mm. O.S. Another 500 mg. Was given at 
bedtime, and the 500 and 250 mg. routine was initiated the next day. After two days there 


deve loped pain in the legs and a blot hy erythema of the skin of the extremities he aceazole 
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amide was stopped, and the skin cleared in 24 hours. The patient was then given pilocarpine 


Although this is the second skin rash encountered, we list the case as a success, since tension 
was normalized and other agents could take over 

Case 13.—E. S. is a 48-year-old white woman with congestive glaucoma secondary to 
intumescent cataract. The tension was 90 mm. O.D. and 23 mm. O.S. Acetazoleamide, 500 mg 
intravenously, and miotics gave no change in tension. An additional 500 mg. was given orally 


In eight hours the tension was 70 mm. An operation was performed, with vitreous less. This 


case 1s classified as a failure 


Case 14—F. L. is a 41-year-old white man with congestive glaucoma secondary to a ruptured 
lens (nucleus in anterior chamber). The tension was 90 mm. Acetazoleamide, 500 mg. intra 


venously, gave no change in tension. He was operated on uneventfully. This case is classified 
as a failure 


Results of Acetazoleamide (Diamox) Therapy m Thirty-Two Cases of Glaucoma 


Success 
Failure 

Acetazoleamide 
and Mioties 


Acetazoleamide Absolute Relative 


Chronie simple glaucoma 
1? 
Total 


Primary acute congestive glaucoma 
4 


/(1 toxie) 


Secondary glaucoma 


(a) Uveitie & 


(hb) Lentieular 3 4 
(c) Endothelial dystrophy | 1 
(d) Pigmentary 1 l 


(toxie) 
Traumatic 2 1 1 
(f) Aphakie 1 1 


Total 


Case 15.—J. P. is a 60-year-old white woman with chronic simple (narrow-angle) glaucoma 


The tension was 55 mm. 0.1). After an oral dose of 500 mg. of acetazoleamide the tension rose 
to 60 mm. It was then noted that the pupils dilated. The tetracaine proved to have been con 


taminated with atropine. Intensive miotics restored the previous level. The mydriatic tension 


rise, it is felt, was mitigated by the use of acetazoleamide. Further therapy with acetazoleamide 
was ineffective 


This case is classified as a failure 


Phe results of therapy of 32 cases studied at length are summarized in the accom 
panying Table. There were 17 successes and 15 failures; of the latter, 7 were abso 
lute and & relative 
COMMENT 


It is apparent that only half the patients were successfully treated, that some- 
what less than half the chronic simple glaucomas were successes, and that somewhat 
more than half the secondary glaucomas were successes. It is significant that uveitic 
hypertension offers a higher rate of successes than any other type of glaucoma 
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Some of the reasons for the disparity are as follows: 


1. Secondary glaucomas often required shorter periods of treatment. (The 
pressure was controlled long enough to permit treatment of the underlying disease. ) 

2. The factor of hypersecretion may play a role. Mansheim '* reported tono- 
graphic studies showing increased rate of aqueous formation in uveitic hyper- 
tension and in the Sturge-Weber syndrome. Since acetazoleamide influences the 
aqueous-production mechanism, it should be of greatest effect in such cases. (No 
cases of the Sturge-Weber syndrome were included in this series, but acetazole- 
amide may be an important treatment for this condition. ) 

3. Congestive types, after responding to treatment, became compensated. 

4. Of all the factors diminishing the success of therapy, the duration of treat- 
ment is paramount. Herein lies the weakness of acetazoleamide as a treatment 
for chronic glaucomas, for there is a definite tendency of the glaucoma to escape 
from control. The initial tension response may be spectacular, but one sees a 
gradual rise, often after three or four days, to intermediate levels. If treatment 
is stopped, the pressure may rise to the initial height but will fall again on 
reinstitution of treatment—not to the previous low, but to a somewhat higher, 
level. Thus, one sees a stepwise increase in the troughs of tension, until a refrac- 
tory state persists. This refractory state is one of the most characteristic findings 
in acetazoleamide medication and constitutes the central problem toward which 
research must be directed. Cases unresponsive to miotics alone but which respond 
to the combination of acetazoleamide plus miotics may exhibit the same refrac- 
toriness. On the other hand, a miotic-responsive case may be brought back under 
control on its institution, 

The refractory phase may be due to subclinical acidosis, which is a consequence 
of the loss of base effected by acetazoleamide diuresis. This has been noted by 
Maren and Wadsworth,'® in studies on acetazoleamide, in which the diuretic effect 
ceased after frequent doses of the drug. Similarly, acidosis induced by adminis- 
tration of ammonium chloride blocks out the acetazoleamide effect in the kidney." 
It is clear that in the dosages which appear necessary to control a glaucoma a 
subclinical acidosis must be induced. In the presence of acidosis, the reaction of 
H.O+COsssH2COs proceeds to the right independently of carbonic anhydrase ; 
hence, carbonic anhydrase inhibitor can have no effect. This may be the basis of 
the return of hypertension in the refractory phase. In an effort to restore acid- 
base balance, we gave sodium bicarbonate to patients in the refractory phase, but 
no effect on the ocular tension was apparent. The problem is not a simple one ; 
nevertheless, the fact remains that some glaucomas appear to be controlled indef- 
initely on small doses of acetazoleamide. 

Synergism with Miotics——One of the impressive findings in this study was 
a clear-cut synergism exhibited between acetazoleamide and miotics. There are 


cases uncontrollable by either alone which respond well to the combined use of 
the two drugs. This appears logical, for the miotics, although affecting the ocular 
vasculature, are thought to exert their chief effect upon the iris-angle-drainage 
mechanism, thus facilitating the outflow of aqueous, whereas acetazoleamide inhibits 
the rate of formation, i. e., the inflow of aqueous. Hence a new and powerful 
joint control is exercised in the glaucomatous eye. 
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Dosage.—-Various dosage schedules have been employed. There is considerable 
latitude in the quantity and timing of medication which still permits of control. 
We have found the optimal initial dosage to be 500 mg. in the morning and 250 
mg. at night. This dosage is continued until the pressure is normalized and then 
changed to either 500 mg. in the morning or 125 mg. q. t. h. (four doses per day ). 
(Our goal in therapy is to adminster the smallest dose which maintains adequate 
tension control, The maintenance schedule of 125 mg. q. i. d. appears to be satis- 
factory from this point of view and also because with it toxic side-reactions are 
lessened. ‘The small dose which is used in treatment of cardiorenal edema has not 
been found satisfactory in controlling glaucoma. The goal of glaucoma therapy is 
constant, not intermittent, normalization of tension. The foregoing schedule is 
not necessarily the best in all cases, and further studies are in progress. 

We have used an intravenous preparation consisting of 500 mg. of the sodium 
salt in a 10% solution in distilled water. This has been administered slowly to 
five patients with no evidence of any toxicity or untoward reaction. The response 
in several has been prompt. Actually, oral medication is equally effective and 
absorption ts so complete that the only indication for parenteral therapy would be 
in the case of a patient unable to retain oral medication. 

The question of topical therapy naturally arises, for in a drug of such potent 
physiologic action throughout the body it would be most advantageous to restrict 
the action to the eye. Topical preparations have been made up in concentrations of 
from 0.5 to 8%, dissolved in benzalkonium (Zephiran) chloride (1: 3,000) to 
facilitate the penetration. These solutions were nonirritating and noneffective. 
Apparently, the drug diffuses too rapidly to affect the ciliary mechanism to any 
extent. The utility of topical administration in protracted therapy is clearly evi- 
dent, and research in this matter is necessary. For short-term therapy, however, 
systemic medication is very satisfactory. Subconjunctival injection or iontophoresis 
instillation has not been employed, since either is impractical for long-term and 
unnecessary for short-term treatment. 

Toxicity.—1|. Nearly all the patients receiving 500 mg. or more a day com- 
plained of paresthesias—tingling of the hands and feet. This symptom decreased 
on 125 mg. q.i.d. It was not severe enough in any case to justify termination of 
treatment, 

our patients complained of some nausea and anorexia. 

3. Drowsiness was an occasional complaint. 

4. Polyuria was excessive enough in four patients to require temporary inter- 
ruption of treatment but was tolerated on a lower dosage. 

5. A typical sulfonamide rash occurred in two patients. This consisted of an 
itching erythema and hives, involving all extremities. All manifestations ceased 


within three to four days after discontinuation of acetazoleamide therapy. Such 


reactions have not previously been reported, to our knowledge, and suggest that 
sooner or later the full speetrum of sulfonamide toxicity will be made evident. It 
is important to realize that acetazoleamide is not quite as innocuous as previous 
reports have stated, and judgment must be exercised in its use. 

6. Ocular toxicity has not been noted. The quantitative nature of the inter- 
action of acetazoleamide and carbonic anhydrase makes it unlikely that therapeutic 
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ACETAZOLEAMIDE (DIAMOX)—GLAUCOMA 
doses will cause interference with vital processes in lens or retina, structures which 
contain very large amounts of enzyme; but careful observations over a long time 
are indicated. 

7. Contraindications to acetazoleamide therapy are states of acidosis and hepatic 
cirrhosis. 

Role of Acetazoleamide.—It is evident that acetazoleamide is most effective in 
short-term treatment, i. e., for acute congestive and secondary glaucomas, especially 
uveitic hypertension. The pressure may be normalized long enough to allow treat- 
ment of the underlying disease, operation, or substitution of other therapeutic 
agents. 

Protracted treatment of chronic glaucoma is much less satisfactory, since the 
factor of resistance enters. Acetazoleamide alone is a very uncertain medicament, 
but in combination with miotics presents us with a potent synergism that offers 
hope in the control of difficult cases. Frequent observation of such patients is 
necessary, for the tension may rise insidiously. 

Other uses for acetazoleamide are as follows: 


1. To lower tension prior to intraocular surgery in cases in which the tension 
is elevated. A dose of 500 mg. two hours before surgery is suggested. 

2. To prevent the phase of hypertension after cyclodiathermy, as evidenced in 
one case. 

3. To provide a safety factor before dilation of the pupil for fundus inspection. 
This may limit, but not obviate, a tension rise in narrow-angle glaucoma. It should 
be noted that patients treated with acetazoleamide alone have normally reactive 
pupils, so that the fundus can be visualized readily. 

4. To temporize in patients who, for one reason or another, are poor surgical 
risks. 

We have used acetazoleamide to treat three patients with central serous retin- 
opathy, without benefit. The use of acetazoleamide in other ocular conditions, 
e. g., corneal edemas (dystrophies), is being investigated. 

Acetazoleamide is of value in another sense, in that it focuses attention on 
the factor of aqueous production. For some years, particularly with the advent 
of tonography, attention has been centered largely on the outflow mechanism in 
glaucoma. In his Proctor Lecture on the formation of aqueous, Iriedenwald ‘ 
suggested that more effort might be directed toward reduction of aqueous forma- 
tion, in addition to furthering the outflow. Acetazoleamide represents an important 
step in this direction, and its study forcibly reminds us that glaucoma is a disease 
of more than one mechanism. By employing this potent enzyme inhibitor, we break 
the physiologic chain of aqueous formation and thereby gain some control of the 
ocular tension. Acetazoleamide acts as a sort of medical cyclodiathermy. 

It is obvious that we are just initiating a fertile field for research, in which 
there are more problems and questions than answers. We believe that miotics 
remain the sheet anchor of glaucoma therapy, but it is clear that carbonic anhydrase 
inhibitor (acetazoleamide; Diamox) must be accepted as an important adjunct in 
treatment of this difficult disease. It should be used with due regard to its limita- 


tions, which are considerable. The proper attitude, at present, should be cautious 
optimism. 
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SUMMARY 


Acetazoleamide (Diamox), a sulfonamide derivative, is a powerful inhibitor 
of carbonic anhydrase. 


Systemic medication results in the lowering of intraocular pressure, presumably 
by lowering the aqueous electrolyte concentration and osmotic pressure. The locus 
of action is considered to be the ciliary epithelium. 

Control of glaucoma tends to be short-lived, due to development of a refrac- 
tory phase. 

Results are best (often dramatic) in short-term therapy (acute congestive and 
secondary glaucomas). Protracted medication (chronic glaucomas) is much more 
uncertain, although significant control may be established. 

Synergism of miotics (outflow mechanism) and acetazoleamide (inflow mecha- 
nism) 1s impressive. 

Certain additional uses for acetazoleamide in the eye are discussed. 

Kurther research is necessary to evaluate fully this potent therapeutic agent. 

Nore:—Since the preparation of this paper, a preliminary report on aceta- 
zoleamide has appeared.'* 
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ACCURATE CLINICAL MEANS OF MEASURING INTERVISUAL 
AXIS DISTANCE 


ALBERT L. ANDERSON 
MINNEAPOLIS 


NCRIEASING emphasis is being placed on the proper positioning of the optical 
centers of ophthalmic lenses (trial case, refractor, or spectacle) with relation 
to the visual axes. Recognition is not generally given to the inaccuracies inherent 
in Viktorin’s method, commonly used to measure the so-called interpupillary dis 
tance (P. 1).). Furthermore, this method of I’. D. measurement, even when per 
jormed accurately, does not determine the location of the visual axis upon which the 
optical center of the lens should be placed. Ideally, the distance between optical 
centers of lenses (termed ©. C. D.) should correspond to the intervisual axis 
distance, or interocular distance,’ abbreviated I, O. D., a term recently suggested to 
supplant the less accurate term interpupillary distance. 
Viktorin’s method of measuring IP. D.’s is illustrated in Figure 1. .\ few of 
the inaccuracies of this method of measurement may be noted: 


1. The observer’s P.D. should be the same as the patient's. 
2. Since measurement is generally made from the temporal margin of one 
pupil to the nasal margin of the other pupil, anisocoria will make it difficult to 
attain accuracy. 

3. The visual axis does not necessarily pass through the cornea at its geo 
metric center, 


4+. Measurements for each eye (distance from root of nose to center of pupil) 
cannot be made accurately. 


5. ‘There is poor repeatability by the same or by a different observer. 

Many tests conducted by experienced observers have demonstrated that in 
groups of expert ophthalmic dispensers and refractionists using Viktorin’s method 
of measurement there will be differences in the measurement of the same subject 
of as much as 3 or 4 mm. These inaccuracies were strikingly emphasized at a 
recent convention where one of the lens manufacturers had set up a_ hinged, 
wooden “nose” between two mechanically drawn “pupils.” Measurements made 
by Viktorin’s method, under ideal conditions in which there was no_ patient 
movement or other lack of cooperation, were surprisingly different from the 
actual P.1D., as measured by laying the ruler directly on the surface on which 
the “pupils” were drawn when the “nose” was folded away on its hinge. 

Figure 2 illustrates the necessity of determining the intervisual axis dis- 
tance by some means other than Viktorin’s method. Duke-llder* states the 
problem and suggests that the distance between corneal light’ reflections be 
measured to determine accurately the “inter-axial” distance. The method sug- 
gested, while accurate, is not always the most convenient because a_ distant 
source of light, a trial frame, and lenses with etched cross lines must be used. 
The device shown in use in Figure 3 is a practical, easily and rapidly used instru 
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The patient looks at a distant object, and the observer, with his right eye closed and sight 
ing with his left eye, sets the zero point of the ruler in line with the temporal margin of the pupil 
The observer then closes his left eye and reads the P.D. distance 

sighting with the right eye on the nasal margin of the pupil of the patient's left eye 


by 


and 


Since the visual axis and optical axis of most eyes are not coincident, the anatomical meas- 
urement of interpupillary distance is subject to inaccuracy 
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INTERVISUAL AXIS) DISTANCE—CLINICAL MEASUREMENT 


ment for measuring the intervisual axis distance. It is called the P. D.-Lite and 
I’. D.-Meter* and is composed of two separate parts, which are used as follows: 

1. The P.D.-Meter is placed on the patient's face in such a manner that the 
front is in the same plane as the spectacle lenses will occupy in the finished glasses 

2. The P.D.-Lite’s small, brilliant light source is held near the operator's 
sighting eye (Fig. 3) at a distance from the patient’s eyes equivalent to the 
reading distance. 

3. The operator moves laterally until the white line on the extended tip in the 
center of the meter and the white line immediately behind it, on the meter 
proper, are seen as one continuous line. This assures the operator that he is on 
center, so that accurate individual PD. measurements will be obtained. The 
sum of the distances from the center of the nose to each of the reflections on the 
corneas will be the near IP. D. 


Fig. 3.—P.D.-Lite and P.D.-Meter in use 


Individual Distance Corresponding to the Indwidual Near 


Distance 


* Distances are expressed in millimeters 


4. The individual distance P. D., corresponding to the individual near |’. D., 
may be derived from the accompanying Table, which is computed for a reading 
distance of 16 in. (40 cm.). .\ center-of-rotation to plane-of-lens distance of 27 mm. 
was used in these computations 


The following advantages of the P’.D.-Lite and I’.1).-Meter for measuring 


intervisual axes distances are noted: 
1. The method is accurate. 


2. Repeatability by the same or by a different observer is excellent. 


* Manufactured by Precision-Cosmet Co., Minneapolis 
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3. Individual P. D.’s may be accurately measured. 
+. The observer's D. 1s not a factor, since measurements are made 


monocularly, 
SUMMARY 
\ method of quickly, easily, and accurately measuring the intervisual axis dis 


tance by use of corneal light reflections is presented, The advantages of this method 
ieasurement as compared with those of the P.D. measurement by Viktorin’s 


ol ‘ 
method demonstrate that corneal light reflection is the method of choice when 
multifocal and/or lenses of rather high corrections are necessary for the patient 
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THE H-R-R POLYCHROMATIC PLATES 


Il. Comparison of Qualitative and Quantitative Classifications 
by H-R-R Plates and Other Tests 


LeGRAND H. HARDY, M.D.+ 
GERTRUDE RAND, Ph.D. 
AND 
M. CATHERINE RITTLER, B.A. 
NEW YORK 


HIS IS our second report of investigations dealing with the H-R-Ro Voly 

chromatic Plates. It is based on a study of 150 subjects known to have detec- 
tive red-green vision and presents a comparison of the qualitative and quantitative 
diagnoses yielded by this test with the performance of these subjects on other tests 
of color vision in present usage. 

The H-R-R Plates were designed to detect and analyze anomalies of both red- 
green and blue-yellow vision. The principles underlying the construction of the 
individual plates and the method of utilizing the entire series of plates for the 
diagnosis of color vision were described in some detail in our first report.' In 
that report was also presented an evaluation of the test as a device (a) for screen- 
ing persons with defective red-green vision from those with normal color vision, 
(b) for classifying the type of defect, and (c) for estimating its extent. Further, 
the need was emphasized for an easily administered test of this comprehensive type 
when one is dealing with anomalies of color vision in’ office, school, clinic, and 
industrial and military examinations. 

soth reports are based on our experience with the second edition of the 
H-k-RK Plates, which was printed under our direction by Carl EE. Foss, Color 
Consultant. The preparation of this edition was supported by the Office of Naval 
Research under contract N&-onr-70200, With some modifications and improve- 
ments, a third edition of the test is now in production by the American Optical 
Company. This will be available for civilian use. 

In summarizing the first report, the following claims were made: 

1. The H-R-R > Polychromatic Plates offer in a single test, requiring three 


nunutes or less for administration, a device (a) for screening subjects with defec- 


tive color vision from those with normal color vision, (>) for classifying the type 


+ Dr. Hardy died April 14, 1954 


This work was supported in part by a contract between the Office of Naval Research and 
Columbia University 


From the Knapp Memorial Laboratories, Institute of Ophthalmology, and Columbia Uni 
versity College of Physicians and Surgeons 
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ol detect in subjects with either defective red-green or defective blue-yellow vision. 
and (¢) for estimating the extent of the defect in three degrees: mild, medium, 
and strong. The test is designed to yield no clues for memorization or coaching 


The symbols are simple geometrical designs which are familiar to foreigners, 
illiterates, and children. The only auxiliary equipment is the proper illuminant. 

2. As a screening device for red-green vision, the H-R-RK Test is in complete 
agreement with the A. O. Test (Revised Selection), approved by the ISCC Sub 
committee on Color Blindness, in separating out from a group of 780 subjects 150 
who had defective red-green vision. Validation of 100% was achieved here. 


3. As a device to classify subjects with defective red-green vision into deutan 
and protan types, the H-R-R Test is about as successful as the Nagel anomaloscope 
(the H-R-R Test being successful in 97% of the 150 subjects and the anomaloscope 
in 98% ). There were no conflicts in classification by the two tests. 

+. A rating as to extent of defect by the H-R-R Plates showed 22.7% of the 
group of subjects with defective red-green vision to have a mild defect, 30.7% to 
have a medium defect, and 46.7% to have a strong defect. The distribution of 


extent of defect remained very nearly the same as the number of subjects was 
increased from 57 to 150. 

5. The test has high reliability as a screening device and as a device for quali- 
tative and quantitative diagnosis. In the few cases of change of quantitative classi- 
heation on retest, the original classification has usually been the more consistent 
with performance on other tests of our battery. 


COMPARISON OF 


CLASSIFICATIONS BY H-R-R 


PLATES AND OTHER TESTS 


The subjects used for this comparison were all shown to have defective red- 
green vision by three or more well-known tests designed to detect this defect. Hence 
we are not here considering the value of the H-R-R Plates as a screening device 
to separate those with defective color vision from those with normal color vision. 
This has been done. We are concerned with comparing the subgroups of observers 
with defective color vision as determined by the H-R-R Plates with subgroupings 
of the same observers as classified by other color vision tests in present usage. This 
cannot always be done, since the same classifications are not yielded by all tests 
But we can compare our deutan and protan groups with similar groups derived 
from other tests. Also, we can compare our mild, medium, and strong groups with 
the pass-fail groups of certain tests which do not belong in the category of screening 
tests but were designed to select those color-defective subjects who can meet the 
color requirements of specific tasks. 

The subjects included patients referred to us by ophthalmologists and men 
rejected by the armed services because of defective color vision, and subjects 
obtained from the Vanderbilt Clinic and from New York colleges and high schools 
The group numbered 150. A battery of tests was administered in our laboratory to 
these subjects. The battery included the H-R-R Plates, the A. O. Test (Revised 
Selection, 18 plates), the Ishihara Test (fifth edition), the Nagel Anomaloscope 
( Model 1), the Navy Lantern ( New London model), the Color Threshold Tester 
(School of Aviation Medicine model), the Farnsworth Dichotomous Test ( Panel 
1)-15), and such other tests as were indicated in the individual case. All tests utiliz- 
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ing pigment test objects were administered under the New London Easel Lamp, 
manufactured by the Macbeth Daylighting Corporation, Newburgh, N. Y. 

1. Qualitative Diagnosis: Classification by Other Tests of Subjects Typed hy 
H-R-R Plates as Deutans and Protans.-In addition to the H-R-R Plates, three 
other tests of our battery were designed to yield a qualitative diagnosis as to type 
of red-green deficiency into two classes: deutan and protan. These tests are the 
Nagel anomaloscope,? Plates 12 and 13 of the Ishihara Test,® and the Farnsworth 
Dichotomous Test.‘ 

As was pointed out in our first report, we evaluated the qualitative diagnoses 
made on the H-R-R Plates against those made on the Nagel anomaloscope. We 
did this because this instrument has a higher degree of standardization and of 
acceptance for making this diagnosis than any other test at present available. The 
marked agreement between the classifications made by the anomaloscope and those 
by the H-R-R Plates has already been mentioned in the third item of summary 
of that report. 


Taste 1.—Comparison * of Qualitative Diagnoses Given by the H-R-R Plates with Those Given 
by the Nagel Anomaloscope, the Ishihara Test, and the Dichotomous Test 


Classification by 
Nagel Anomaloscope Ishihara Test Dichotomous Test 
+ - A 


‘ lassification by No. of Deutan, Protan, Unel., Deutan, Protan, Unel., Deutan, Protan, Unel., 
H-R-R Plates Cases % % % o 


Deutan 
Protan 


Unclassified 5 


* The comparison is based on the results for 150 subjeets with defective red-green vision 


The two plates of the Ishihara Test designed to classify type of red-green 
deticiency utilize symbols of fairly high chroma. A qualitative diagnosis is yielded 
only when one of the paired symbols on either plate is missed and the other is seen, 
However, subjects with a mild degree of defect frequently see both symbols on 
these plates, while those with a strong defect frequently see none. In such cases 
the subject is not classified as to type of defect. In contrast to the Ishihara Test, 
the H-R-R Plates utilize symbols graded in chroma from low to high, and thus 
are designed to yield this classification whether the defect be mild, medium, or 
strong. 

The Dichotomous Test was designed to fail only those whose color anomaly is 
sufficiently marked to render them unable to distinguish color-coded materials used 
in military and industrial tasks. Since the qualitative diagnosis is indicated only 
when the test is failed, those who have only moderately defective color vision usually 
pass this test and are, therefore, not classified as to the type of defect. 

In a comparison of these four tests, how are the subjects who are classified by 
the H-R-R Plates as deutan or protan, or who are unclassified as to type of defect, 
subgrouped by the other tests which yield a qualitative diagnosis’ This comparison 
is shown in Table 1. The first two columns of this Table show the classifications 
made by the H-R-R Test for the 150 subjects, of whom 89 were deutans, 56 were 
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protans, and 5 were not classified as to type of defect.* The remaining columns 
show the percentage of subjects in each of these categories who were classified as 
deutans or protans or who were unclassified as to type by the Nagel anomaloscope, 
the Ishihara Test, and the Dichotomous Test. The figures in boldface type show 
the percentage of subjects who were given the same type classification by each of 
these tests as was given by the H-R-R Plates; the figures in lightface italics show 
the percentage who were either not classified by the test in question or were given 
a different type classification. Of all subjects who were classified by these tests. 
there was conflict for only two, who were typed as deutans by the Ishihara Test 
hut as protans by both the H-R-R Plates and the anomaloscope. These subjects 
passed the Dichotomous Test and so were not typed by this test. 

Krom the data presented in Table 1, it can be shown that, with the exception 
of the 5 subjects (3%) who were not classified by the H-R-R Plates and of the 
3 subjects (2%) who were not classified by the anomaloscope, there is complete 
agreement between the type classifications vielded by these two tests; that the 
Ishihara Test failed to classify 39 subjects (26%) and misclassified 2 subjects 
(1% ), and that the Dichotomous Test failed to classify 60 subjects (40% ). 

However, the H-R-R Plates are designed to classify subjects with defective 
color vision not only as to the type of defect but also as to the extent of defect 
The question then arises: [low successful are these tests in yielding a qualitative 
(type) diagnosis whether the defect, as shown by the H-R-R Plates, is mild. 
medium, or strong? Analysis of the individual cases shows the following : 

1. The H-R-R Test yielded the qualitative diagnosis in 100% of subjects with 
strong defect, in 100% of those with medium defect, and in 85% of those with 
muld defect. Of the total group of 150 cases, it classified 97%. 

2. The Nagel anomaloscope yielded the qualitative diagnosis in 100% of sub- 
jects with strong defect, in 96% of those with medium defect, and in 97% of those 
with nuld defect. Of the total group of 150 cases, it classified 98% . 

3. The Ishihara Test yielded the qualitative diagnosis in 76% of subjects with 
strong defect, in 80% of those with medium defect, and in 62% of those with mild 
defect. In 4% of the subjects with medium defect, however, the diagnosis was not 
the same as that given by the H-R-R Plates and the anomaloscope. Of the total 
vroup of 150 cases, it classified 74%. 

4. The Dichotomous Test yielded the qualitative diagnosis in 93% of subjects 
with strong defect, in 52% of those with medium defect, and in only 3% of those 
with mild defect. Of the total group of 150 cases, it classified 60%. 

It can be said, therefore, that the H-R-R Plates and the Nagel anomaloscope 
provide a useful tool for making the qualitative diagnosis whatever the extent of 
defect; that the Dichotomous Test is such a tool when the defect is marked, and 
that the Ishihara Test cannot be relied on to furnish this diagnosis in approximately 
24% of subjects with strong or medium defects and in 38% of those with mild 
defect. 

2. Quantitative Diagnosis: Classifications by Other Tests of Subjects Isti 
mated by the H-R-R Plates to Have Mild, Medium, or Strong Defect.-\n this 

* These five subjects failed plates of the screening series only (Plates 3-5) and passed all 
the plates used for the qualitative diagnosis (Plates 6-14). They are rated as having defective 
red-green vision, mild in extent, unclassified as to type. 
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section a comparison will be made of our groups of subjects with mild, medium, 
and strong defects of color vision and the pass-fail groups of certain tests which 
do not belong in the category of screening tests but which are aptitude tests designed 
to select those color-defective subjects who can meet the color requirements of 
specific tasks. The following tests of this type, some of which are under considera 
tion by the armed forces, were administered to our 150 subjects with defective 
red-green vision: the New London Navy Lantern ® (corrected model received 
September, 1949) ; the School of Aviation Medicine Color Threshold Tester" (at 
times referred to as C. T. T.), and the Farnsworth Dichotomous Test (Panel 
1)-15*). In addition, a test of ability to use the Radio Manufacturers Association 
(KR. M.A.) color code employed in radio and television resistors was administered to 
%2 of the subjects. .\ comparison will also be made for our groups with mild, 
medium, and strong defects of color vision with their matches on the Nagel 
anomaloscope * and with their error score on tests of the screening type. 

The Navy Lantern, which is administered in a normally lighted room, was 
designed to show ability to recognize the color of typical naval signals. Nine pairs 
of red, green, or white signals are used, varied in intensity in the different com- 
Innations. The test is passed if there is an average of one error or less per trial 
in naming the colors of the paired signal lights. Of 141 color-defective subjects 
studied by Farnsworth, 19% passed the test.’ 

The C. T. T., which is administered in a darkroom, was designed to show 
ability to recognize the color of aviation signals, pyrotechnical flares, biscuit gun 
signals, etc. Single exposures of eight colors in eight graded intensities are pre- 
sented, and the test is scored to penalize errors made in the high-intensity range. 
A qualifying score of 50 or more is currently used by the Air Forces to indicate 
those who are considered safe in ability to recognize such signals. Of 439 color- 
defective subjects studied by Sloan, 30% made the qualifying score.” 

soth the Navy Lantern and the C. T. T. utilize filtered translucent test objects 
vielding retinal images of high intensity and small (foveal) size. Thus, they differ 
from the H-R-R Plates and other pseudoisochromatic tests, which utilize pigment 
stimuli under reflected light, giving retinal images of low or medium intensity and 
large (parafoveal) size. 

The Dichotomous Test also utilizes pigment test objects of parafoveal size. 
Unlike pseudoisochromatic plates of the screening type, this test was designed to 
fail only those whose color anomaly is sufficiently marked to render them unable 
to distinguish code colors used in industrial and military tasks. The subject is asked 
to arrange in serial order as to hue 15 colored caps which differ in hue but are the 
same in chroma (saturation) and value (brightness). The results of the test are 
plotted on a circular diagram, and the test is failed if two or more lines cross the 
diagram parallel to or near either the deutan or the protan axis line shown on the 
record sheet. Of 141 color-defective subjects studied by Farnsworth, 36% passed 
his anel-20 and 43% his Panel F-20. The commercially available Panel [D-15 is 
considered by him to be of about the same order of difficulty as Panels B-20 and 

The Resistor Color Code Test (at times referred to as Color Code Test) con- 
sists of 12 color-coded resistors, 42-watt size, mounted on a gray panel and viewed 
by the subject under the Easel Lamp. The resistors were not new and were typical 
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of those found in a radio repair shop. The subject is shown a list of the code 
colors used as bands on the resistors (red, green, orange, yellow, blue, violet. 
brown, black, gray, and white) and is asked to name in sequence the colors appear- 
ing on each resistor. To pass the test, no errors are allowed. Conditions in this 
practical test are similar to those of the H-R-R Plates and the Dichotomous Test 
in that all three utilize pigment test objects under reflected light, giving retinal 
images of low or medium intensity and parafoveal size. 


In Tables 2 to 5 are shown comparisons of the estimates of extent of defect 
(quantitative diagnosis) given the color-defective subjects by the H-R-R Plates 


Taste 2.—Comparison of the Estimates of Defect Given by the H-R-R Plates with Pass-Fau 
Performance on the Navy Lantern (N-150) 


Mild 
(238% of Total Group) Medium Strong 
(31% of Total Group) (46% of Total Group) 
Unelas- 

HER sified Deutan Both Deutan Protan Both Deutan Protan Both Total 

Plates N-5 Ne NM N-32 N-14 N-46 N-28 N42 N-70 N-1%) 
Navy Lantern % % % % % % % % % % 

Passed 6 21 11 0 0 0 17 


Failed 


Paste 3.—Comparison of the Estimates of Extent of Defect Given by the H-R-R Plates with 
Pass-lail Performance on the Color Threshold Tester (N-150) 


Mild 
(28% of Total Group) Medium Strong 


(31% of Total Group) (46% of Total Group) 
H-KRK sifed Deutan Both Deutan Protan Both Deutan Protan Both Total 
Plates NO N-32 N-46 N-28 N-70 
Color Threshold % % % %o % 


‘Tester 


than 


with their performance on the Navy Lantern, the Color Threshold Tester, the 
Color Code Test (all three being color-naming tests designed to select subjects 
whose defect is sufficiently mild to present no handicap in the performance of 
specific but different tasks), and the Dichotomous Test (designed to select those 
whose defect is of greater severity ). 

Table 2 shows that by the Navy Lantern Test 17% of the total group of 150 
subjects with defective red-green vision have adequate color discrimination for 
detecting Navy signals. On the 25 subjects who passed the Navy Lantern Test. 
20 were estimated by the H-R-R Plates to have mild defect and 5 to have medium 
defect. No subjects with strong defect passed the Lantern Test. For the subjects 
with medium defect, protans seemed to have an advantage over deutans in passing 
this test, probably owing to the shift in their luminosity curve, which might pro- 
vide an additional aid in identifying the color of the signals. 
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Table 3 shows that by the Color Threshold Tester 25% of the total group of 
150 subjects with defective red-green vision have adequate color discrimination for 
detecting aviation signals. Of the 37 subjects who qualified as color-defective-safe 
on the C. T. T., 30 were estimated by the H-R-R Plates to have mild defect and 
7 to have medium defect. No subjects with strong defect qualified. There seems 
to be no difference between deutans and protans of the same extent of defect in 
qualifying on the C. T. T. Of the 34 subjects who were estimated by the H-R-R 
Plates to have mild defect, 4 failed to qualify on the C. T. T. Study of the indi- 
vidual records of these four cases shows that their failure on the C. T. T. was 
due to their tendency to name green as yellow or white and red as orange when 
the intensity of the test colors was high. By the method of scoring used, they thus 
lost credit for their correct naming of these colors when presented at low and 
medium intensity. 

Table 4 shows that by the Resistor Color Code Test 32% of the total group 
of subjects with defective red-green vision have adequate color discrimination for 
utilizing the color code employed in radio and television resistors. Of the 29 sub- 
jects who passed this test, 23 were estimated by the H-R-R Plates to have mild 


Taste 4.—C omparison of Estimates of Extent of Defect Given by H-R-R Plates with Pass-Fail 
Performance on Resistor Color Code Test (N-92) 


Mild 


(25% of Total Group) Medium Strong 
(32% of Total Group) (48% of Total Group) 
Unelas- 

H-R-R sifled Deutan Both Deutan Protan Both Deutan Protan Both Total 

Plates N-4 N-19 N-23 N20 N-29 N-27 N40 N@ 
Resistor Color % % % % % % % % % % 
Code Teast 

Passed 100 100 2 0 0 32 

Failed 7s 


defect and 6 to have medium defect. No subjects with strong defect passed this test. 
There seems to be no difference between deutans and protans of the same extent of 
defect in ability to use this color code. Since all the 23 subjects who were estimated 
by the H-R-R Plates to have mild defect passed the Resistor Color Code Test, it 
may be concluded that those whose defect is classified as mild by these plates can 
successfully use the R. M. A. color code employed in radio and television resistors 
and should not be handicapped in this vocation by their mild color vision deficiency. 
How the situation would be modified if a flashlight or an incandescent light were 
used as illuminant has not been determined. However, it was evident that 79% of 
our group with medium defect and 100% of those with strong defect should be 
discouraged from entering radio and television courses in! vocational schools. This 
procedure has been adopted in the vocational high school from which many of our 
subjects were obtained. 

Table 5 shows that 35% of the total group of subjects with defective red-green 
vision passed the Dichotomous Test. Of the 53 subjects who passed this test, 33 
were estimated by the H-R-R Plates to have mild defect, 16 to have medium defect, 
and 4 to have strong defect. Of the 34 subjects estimated by the H-R-R Plates to 
have mild defect, only | failed to pass the Dichotomous Test. For the same extent 
of defect, protans seem to have an advantage over deutans in passing this test, as 
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was the case with recognition of the paired signals presented by the Navy Lantern, 
and probably for the same reason. The small brightness differences which are per- 


ceived by protans in colors appearing of the same brightness to normal subjects 


and deutans furnish a slight clue to the correct serial arrangement of the colored 
caps which is utilized by a critical subject of this type. 


‘The comparisons presented in Tables 2 to 5 may be summarized as follows : 


1. While the screening plates of the H1-R-R Test are the most stringent for the 
detection of defective red-green vision of any of the tests considered in these tables, 


that series of plates of the I1-R-R Test which is used to classify quantitatively sub- 


jects with mild defect agrees best with the Color Threshold Tester in terms of the 
percentage of the total group who qualify ; the Resistor Color Code and Dichotomous 
Tests are less stringent by this criterion, and the Navy Lantern is more stringent. 

2. Of the subjects who are shown to have mild defect by the H-R-R Plates, 
100% are able to use the color code employed in radio and television resistors, 97% 
pass the Dichotomous Test, 88% qualify on the Color Threshold Tester, and 59% 
pass the Navy Lantern, 


Pane 5.—Comparison of Estimates of Extent of Defect Given by the H-R-R Plates 
Pass-Fail Performance on the Dichotomous Test (N-150) 


Mild 
(28% of Total Greup) Medium Strong 
(31% of Total Group) (46% of Total Group) 
Unelas 
HK sifled Devutan Both Deutan Protan Both Deutan Protan Both Total 


Dichotomous 
Test 


Passed 
Failed 


3. Of the subjects who are shown to have medium defect by the H-R-R Plates. 
35% pass the Dichotomous Test, 21% pass the Color Code Test, 15% qualify on 
the Color Threshold Tester, and 11% pass the Navy Lantern.+ 

+. OF the subjects who are shown to have a strong defect by the H-R-R Plates, 
only 6% pass the Dichotomous Test and none pass the Color Code Test, qualify 
on the Color Threshold Tester, or pass the Navy Lantern. 


\Ithough the order of difficulty of these tests in terms of the percentage of color- 
defective subjects who pass them is from greatest to least—-the Navy Lantern, those 
plates of the H-R-R Test which are used to identify subjects with mild defect,t 
the Color Threshold Tester, the Resistor Color Code Test, and the Dichotomous 
Test—this cannot be interpreted to mean that all subjects who pass the more diffi- 
cult tests will also pass the less difficult ones. Such a finding should not be expected, 
since the various tests involve different aspects of color vision (color naming, dis- 

FO the 15 subjects who are shown by the H-R-R Test to have medium defect but who 
passed one of the three aptitude tests (Navy Lantern, Color Threshold Tester, Color Code Test), 
13 (87%) had failed only one of the three plates of the medium series, thus indicating an extent 
of defect which is borderline between medium and mild. However, not all subjects who failed 
only one plate of this series passed one of these aptitude tests 

t In comparing the difficulty of these tests, we are again omitting consideration of the screen 
ing plates of the H-R-R Test 
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crimination of critical hues from gray, or hue discrimination) and since they utilize 
different kinds and different sizes of test object (surface colors of medium intensity 
and parafoveal size, or transmission colors of high intensity and foveal size). For 
example, of those of our color-defective group who pass the Navy Lantern, 24% 
do not qualify on the less difficult C. T. T., 7% do not pass the Color Code Test, 
and 4% do not pass the least difficult Dichotomous Test; of those who qualify on 
the C. T. T., 25% fail the less difficult Color Code Test, and 14% fail the least diffi- 
cult Dichotomous Test; and of those who pass the Color Code Test, 7% fail the less 
difficult Dichotomous Test. 

It was stated in our first report on the H-R-R Plates that we have no single 
comparable test against which to validate our mild, medium, and strong subgroups 
of color-defective vision. However, we feel that evidence as to the validity of our 
quantitative diagnoses is revealed in Tables 2 to 5 and in the above items of sum- 
mary. These clearly bring out the fact that the percentage of subjects who pass 
the various tests significantly and consistently decreases as the severity of defect 
shown by the H-R-R Plates increases, and that in general these percentages decrease 
less rapidly for those tests which are the less stringent tests of color vision. For 
example, when the four tests are listed in order of decreasing difficulty and the 
quantitative classifications given by the H-R-R Plates are listed in order of increas- 
ing severity of defect, these percentages for the color-defective subjects who pass 
the test in question are as follows: 

Classifleation by H-R-R Test Mild Medium Strong 

Puss Navy Lantern. we 6% 
Pass ©. T. T........ 
Pass Color Code Test. 100% 21% 
Pass Dichotomous Test 

It may also be of interest to compare the quantitative estimates made by the 
H-RK-R Plates with the separation by the Nagel anomaloscope into the classes of 
dichromat and anomalous trichomat, as well as with the individual settings made 
on this instrument by subjects who are classified as anomalous trichromats 

As was stated in our first report on the H-R-R Plates,’ the anomaloscope was 
used as recommended by Trendelenburg and Engelking, with the neutral filter 
placed over the green rather than the red slit. This method brings the average match 
point of those with normal color vision almost to the center of the scale, the sig- 
nificant range of which in our instrument, as in Trendelenburg’s,” is 0 to 73. For 40 
subjects with normal color vision the average match point, computed as the center 
of the match range with the eve unfatigued, occurred at 39.6 on the scale of our 
instrument. The individual scatter of match points for these subjects was 34 to 46 
(ef. Trendelenburg’s average match point of 40; individual scatter, 35 to 48). Match 
points significantly lower than the range for normal subjects indicate deuter- 
anomalous vision; those higher than this range, protanomalous vision. When the 
match range extends over the entire scale, dichromatism is indicated. The differ- 
entiation between deuteranopia and protanopia is based on the brightness of the 
vellow field which is matched to red and green. In testing our subjects, final deter- 
minations were always made with the eye unfatigued. 


With but one exception, all subjects who were classified by the anomaloscope 


as dichromats were rated by the H-R-R Plates as having strong defect in red-green 
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vision. Of the 92 subjects who were classified by the anomaloscope as anomalous 
trichromats, 36% were shown by the H-R-R Plates to have mild defect, 47% to 
have medium defect, and 17% to have strong defect. 

We were unable to detect any significant agreement between the settings made 
on the anomaloscope by these anomalous trichromats (as to either match point or 
range of match) and the rating as to extent of defect as shown by the H-R-R Plates 
or the performance on other tests of our battery. The comparison between ratings 
on the H-R-R Plates and settings on the anomaloscope by these subjects is shown 
in Table 6. Six subjects were excluded from this Table because their match range 
extended to one but not both limits of the scale. Such persons are called by 
Trendelenburg anomalous trichromats //alb-extrem. 


In Table 6 the first column shows the rating as to extent of defect by the 
H-K-R Test and in parentheses the number of subjects so rated who were shown 
hy the anomaloscope to be (A) deuteranomalous (N = 64) and (B) protan- 


Taste 6.--Comparison of Estimates of Extent of Defect by the H-R-R Plates with Settings 
on the Nagel Anomaloscope * as to Match Point and Match Range 


Setting on Nagel Anomaloscope 


H-R-R Plates Mateh Point 
Fatinates of 
Extent of 


Match Range 


Individual Individual 
Defect Average MNeatter Average Seatter 
\. Deuteranomalous Subjects (64) 
Mild (82) . ° 22.4 B2.5-17.00 6 2-12 
Medium (26) 19.8 27.5-11.0 . 2-17 
Strong (6) 19.6 20.5-14.0 19 


K 


Protanomalous Subjeets (2%) 


Mild 64.0 2 
Medium (14) 613 870 6 2-11 
Strong (7) O50 3-10 


* The anomaloscope settings are recorded in terms of seale divisions 
jects classified by the anomaloscope as anomalous trichomats. 
' This subject failed H-R-R Plates of the screening series only (Plates 3-5) and passed all the plates used 


for the qualitative diagnosis (Plates 6-14). He is rated by the H-R-R Test as having defective red-green 
vision, mild in extent, unclassified as to type. 


The comparison is made tor 86 sub- 


omalous (N = 22). The anomaloscope settings are recorded in terms of scale 
divisions. Column 2 gives the average match point, and Column 3, the individual 
scatter of match points for the subjects in each category; Columns 4 and 5 show 
the average match range and the individual scatter of match ranges. 

It is seen in Table 6 that there is perhaps some slight change in the average 
match point and in the average match range with increasing severity of defect as 
shown by the H-R-R Plates. However, the overlapping range of settings for the 
three degrees of defect as rated by the H-R-R Test demonstrates that the anomalo- } 
scope furnishes at best only a gross estimate of extent of defect among anomalous 
trichromats and gives little, if any, information on this point in the individual case. 

This negative finding is in agreement with the conclusion of Nelson '® (based 
on the comparison of anomaloscope settings with hue discrimination curves) and 
of Willis and Farnsworth '' (based on comparison of these settings with Farns- 
worth’s battery of pass-fail tests’) that settings made on the anomaloscope by 
anomalous trichromats do not indicate the severity of their defect. Two pertinent 
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quotations from Wright, made in discussing anomalous trichromatism, have appli- 
cation here. Wright states: “It is widely recognized that varying degrees of this 
defect can exist, extending from the nearly normal to the nearly dichromat” '* ; 
and “the ordering of seriousness of the defect cannot be adequately based on matches 
made on the Nagel anomaloscope alone.” ** 

A similar situation exists with pseudoisochromatic tests of the screening type 
which are primarily designed to furnish a dichotomy between those with normal 
and those with defective red-green vision, but which give little, if any, information 
as to extent of defect in the individual case. Table 7 shows for the A. O., the 
Ishihara (fifth edition), and the Bostrom-Kugelberg Tests the average error score 
and the individual scatter of error scores for the groups of subjects classified by 
the H.R.R. Plates as having mild, medium, or strong extent of defect. Again, the 
overlapping range of error scores for the three degrees of defect shows that little, 
if any, information on this point is provided in the individual case by the error 
score made on screening tests of this type. About all that can be said is that if the 
error score is less than 12 on the American Optical and Bostrom-Kugelberg Tests 


Tas_e 7.—Comparison of Rating as to Extent of Defect by H-R-R Plates with Error Scores 
Made on A, O., Ishihara (Fifth Edition) and Bostrom-Kugelberg Tests 


A.O Ishihara Bostrom. hugelberg 
H-R-R Plates 


Rating as to Average Individual Average Individual Average Individual 
Extent of Defect Error Seore Scatter Error Score Scatter Error Seore Scatter 


Mild 10.9 5-15 79 3-12 10 2-15 
Medium 15.1 12-18 11. 8-12 14.3 12-15 
Strong 16.0 12-18 11.3 %12 144 12-15 


and less than 8 on the Ishihara Test, the defect is probably mild in extent. How- 
ever, all who are estimated to have a mild defect by the H-R-R Plates do not have 
these low error scores. 

3. Comparison of Quantitative Diagnoses by H-R-R Plates with Classifications 
Based on a Battery of Tests of Graded Order of Difficulty.—In 1949 Farnsworth ‘ 
proposed that a battery of pass-fail tests of graded order of difficulty be used to 
detect severity of color defect. His battery consisted of the following tests, listed 
in order of difficulty: (1) A. O. Test and anomaloscope, (2) Navy Lantern, and 


(3) Dichotomous Test. Since our battery also included these tests, we can adapt 
his schema to compare the three degrees of extent of defect given by the H-R-R 
Plates with the grades of severity of defect as shown by his battery of tests-in- 
combination. 


Farnsworth used the A. ©. Test and the anomaloscope to establish the presence 
of defective color vision. Thus, all subjects considered failed these tests. He desig- 
nated as mildly anomalous those subjects who fail only these tests of his battery, 
i. e., who pass the Navy Lantern and the Dichotomous Test (hereafter called 
Grrade I) ; as moderately anomalous those who fail the Navy Lantern but pass the 
Dichotomous ‘Test (hereafter called Grade I1), and as severely anomalous those 
who fail all tests of his battery (hereafter called Grade IIT). In Chart 1 is shown 
the percentage of the subjects who were estimated by the H-R-R Plates to have 
mild, medium, or strong defect and who fall into Farnsworth’s classifications of 
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Grades |, Il, and Il. One of our subjects who passed the more difficult Navy 
Lantern but failed the less difficult Dichotomous Test had to be omitted from this 
comparison. It is seen in Chart | that there is some overlapping between the groups 
as graded by the two methods. This is to be expected (a) because the cut-otfs 
hetween degrees of defect used in the H-R-R Plates and in the Farnsworth battery 
occur at different percentage points in the color-defective population, and (+) 
hecause not only are different aspects of color vision tested in the two procedures 
but the type and size of test object employed in each are not the same. 

In addition to the Navy Lantern, two other tests of our battery, the Color 
Threshold Tester and the Resistor Color Code, were designed to identify subjects 
whose color deficiency is sufficiently mild to present no handicap in the perform- 


50; 
(23%) 64% 
Medium (3/%) 


40} Strong (46%) 


% of Color-defective Group (N*/49) 


ol 
GRADEI GRADEI GRADE IE 


Chart 1.—Comparison of quantitative diagnoses by H-R-R Plates (mild, medium, strong) 
and by a battery comprising the Navy Lantern and the Dichotomous Test. This comparison 1s 
based on 149 subjects, all shown to have defective color vision by the A. O. Test, the Nagel 
anomaloscope, and the screening plates of the H-R-R Test 


ance of specific but different tasks. Therefore, on the pattern of the Farnsworth 
schema, two additional batteries of tests-in-combination to imdicate severity of 
defect can be compared with the H-R-R Plates, which utilize symbols of graded ‘ 


chroma to provide this indication—in each of these batteries employing as the more 


difficult test either the C. T. T. or the Color Code Test, and in both employing 
the Dichotomous Test as that of less difficulty. These comparisons are shown in 
Charts 2 and 3. Because of the internal inconsistency found to occur in individual 
cases, which was mentioned earlier, all the subjects do not fit into the schema. 
Chart 2 shows the comparison for 145 of the 150 subjects tested with the Color 
Threshold Tester, and Chart 3, for 90 of the 92 subjects tested with the Resistor 
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mila (23%) 


A=Medium (29%) 
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ol 


GRADEI GRADEZ GRADE 
Chart 2.—Comparison of the quantitative diagnoses by H-R-R Plates (mild, medium, strong ) 
and by a battery comprising the Color Threshold Tester and the Dichotomous Test. This com- 
parison is based on 145 subjects, all shown to have defective color vision by the A. O. Test, the 
Nagel anomaloscope, and the screening plates of the H-R-R Test. 


54% 


407 Mild (26%) 

B- Medium (30%) 
Strong (44%) 
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% of Color-defective Group 


% of Color-defectiwe Group (N=90) 


Chart 3.—Comparison of the quantitative diagnoses by H-R-R Plates (mild, yedium, strong ) 
and by a battery comprising the Resistor Color Code Test and the Dichotomous Test. This com 
parison is based on 90 subjects, all shown to have defective color vision by the A. O. Test. 
the Nagel anomaloscope, and the screening plates of the H-R-R Test 
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Color Code Test. In Charts 2 and 3 is given the percentage of subjects (all shown 
to have defective color vision by the A. O. Test, the anomaloscope, and the screen- 
ing plates of the H-R-R Test) who were estimated by the H-R-RK Test to have 
mild, medium, or strong defect and who pass the C. T. T. or the Color Code Test 
and also pass the Dichotomous Test (Grade 1); the percentage who fail the 
C. T. T. or Color Code Test but who pass the Dichotomous Test (Grade I1), and 
the percentage who fail all tests of the battery in question (Grade IIT). 

As was seen in Chart 1, there is again some overlapping between the quanti- 
tative estimates yielded by the H-R-R Plates and the grades given by the batteries 
of tests-in-combination used for Charts 2 and 3. The best agreement is shown in 
Chart 3, the only battery in which all the tests utilize surface colors of medium 
intensity and parafoveal size. The agreement is particularly good for the subgroup 
estimated by the H-R-R Test to have mild defect in that all subjects in this sub- 
group pass the Resistor Color Code Test. The agreement of the subgroup estimated 
by the H-R-R Test to have strong defect with performance on the Dichotomous 
Test is also good in that 94% of subjects with strong defect failed this test. Failure 
on the Dichotomous Test is used by Farnsworth to indicate severe anomaly. 

From the standpoint of vocational selection and guidance, further study is 
needed to show whether agreement can be established between quantitative ratings 
viven by a general color test, such as the H-R-R Plates, and the color requirements 
of specific color tasks which involve the use of surface colors—agreement of the 
order shown by our ratings of mild color deficiency and success in using the resistor 
color code. We are at present making such a comparison with ability to match 
coded wires. This task seems to be less difficult for most color-defective subjects 
than naming the bands on color-coded resistors, but results to date are too few to 


he conclusive. 


SUMMARY 


In our first report it was shown that the H-R-R Plates were 100% successful 
in screening subjects with defective red-green vision, 97% successful (as compared 
with 98% for the Nagel anomaloscope) in typing the defect, and highly reliable 
hoth as a screening device and as a device for qualitative and quantitative diagnosis. 
The report was based on a study of 630 subjects with normal color vision and 150 
subjects with defective red-green vision. This second report deals only with the 
150 subjects with defective color vision. It presents a comparison of the qualitative 
and quantitative diagnoses yielded by the H-R-R Plates with performance on other 
tests of color vision in present usage. 

1. Classifications as to type of defect (deutan, protan) given by the H-K-R 
Plates were compared with those given by the Nagel anomaloscope, the Ishihara 
Test, and Farnsworth’s Dichotomous Test. Close agreement was found between 
the qualitative diagnoses by the H-R-R Plates and the anomaloscope. There were 
no conflicts in classification by these two methods. Of the 150 subjects, 98% were 
classified as to type by the anomaloscope and 97% by the H-R-R Plates. The 
Ishihara Test misclassified 1% of the subjects and classified only 74%. The Dichot- 
omous Test, which was designed to detect type of defect only when the anomaly 
is moderately strong, successfully classified 60% of the subjects. 
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2. Estimates of extent of defect (mild, medium, strong) as given by the H-R-k 


lates, were compared with performance on the Navy Lantern, the School of 
Aviation Medicine Color Threshold Tester, the Dichotomous Test, and a Resistor 
Color Code Test, all aptitude tests designed to select those with defective color 
vision who can safely meet the requirements of specific, but different, tasks. While 
the screening plates of the H-RK-R Test are the most stringent for the detection of 
defective color vision of any of the tests just mentioned, that series of plates of the 
H-R-R Test which is used quantitatively to classify subjects with mild defect agrees 
best with the Color Threshold Tester in terms of the percentage of the total group 
who qualify; the Resistor Color Code Test and the Dichotomous Test are less 
stringent by this criterion, and the Navy Lantern is the most stringent. The per- 
centage of subjects who pass the various tests significantly and consistently decreases 
as the severity of defect shown by the H-R-R Plates increases; in general, also, 
these percentages decrease less rapidly for those tests which are the less stringent 
tests of color vision. 

3. No significant agreement was found between the estimates of extent of defect 
and the settings made on the Nagel anomaloscope for the subjects who were classi- 
fied by this instrument as anomalous trichromats. 

4+. A comparison of rating by the H-R-R Plates in three degrees of defect 
(mild, medium, and strong) was made with the Farnsworth battery of pass-fail 
tests of graded order of difficulty, suggested as a means of detecting severity of 
defect ; and with two other batteries of tests-in-combination, Better agreement was 
found when the battery consisted entirely of tests which utilize surface colors of 
medium intensity and parafoveal size than when the battery consisted of some tests 
which utilize this type of test object and some which utilize transmission colors 
of high intensity and foveal size. 

5. The practical importance of a comprehensive test, such as is provided by 
the H-R-R Plates, to vocational selection and guidance is discussed. The test is 
easily aaininistered, and the information it furnishes as to type and extent of color 
anomaly has practical application in many fields. An example of this application 
in the radio and television industry is given. 
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“AFTER-IMAGE TRANSFER TEST” IN ANOMALOUS 
RETINAL CORRESPONDENCE 


A. K. HANSEN, M.D. 
IOWA CITY 


Hie USE of the after-image test in patients with strabismus has contributed 

much to the understanding of binocular relationships in_ these persons 
\lthough much eriticized, the method has withstood the test of time and is consid- 
ered one of the best and most reliable means of determining the existence of a well 
established anomalous correspondence ( Burian ' ). 

Jattfe © has reported recently on the results of a modified version of the after 
image test which he calls the “after-image transfer test.”* In this test the subject 
vecludes one eye and at the same time the other eye is exposed to a vertical bar of 
light tor 20 seconds. Then the exposed eye is covered, and the unexposed eye ts 
allowed to gaze at a light surface. If correspondence exists (normal), the subject 
will report a vertical after-image. He will report no after-image if correspondence 
Is nonexistent (anomalous). Jatle * gave this test to 146 strabismus patients. Of 
these, 71 had noncorrespondence (anomalous retinal correspondence ), and 75 were 


thought to have normal correspondence. All patients with noncorrespondence 


(100% ) were not aware of the after-image when the unexposed eye was open; 
or, as Jaffe * says, they did not “transfer” the after-image. This was a most startling 
finding, and it prompted me to try to duplicate Jatfe’s results. 


METHOD 


\ll strabismus patients seen at the University Hospitals in Lowa City are examined with th 
major amblyoscope, by the diplopia test with red glass or Maddox rod, and by the after-image 
test to determine the state of their retinal correspondence. Other tests are used when indicated 
\ll patients included in this study were also examined by the after-image transfer test as des 
cribed by Jaffe 

The subject to be tested was placed in a room with subdued light. The left eye was 
vccluded, and the right eye was exposed to a 12-in, (30 em.) vertical bar of light for 20 seconds 
at a distance of 4 ft. (120 em.). The subjects were then asked to occlude the right eye and to gaz 
first at a dark and then at a light surface. They described what they saw in each instance. The 
same procedure was repeated for the left eye, but with it exposed to a horizontal bar of light 

Since the after-image test is not very reliable for amblyopes, only subjects with good equal 
Visual acuity were tested; and only patients having anomalous retinal correspondence on the 
after-image test were considered, since | did not believe anomalous retinal correspondence as 
measured by other methods to be significant for this study. In addition to those with anomalous 


Dr. Hermann M. Burian assisted in the preparation of this paper 

From the Department of Ophthalmology, State University of Iowa College of Medicine 

Read at the Association for Research in Ophthalmology, Midwestern Section, Feb. 7, 1954, 
Chicago 

*This test was first described by Brock and Givner,’ who used it to investigate fixation 
anomalies in amblyopia 
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TABLE 1.—Subjects with Anomalous Retinal Correspondence 


Deviation Corrected 
Visual Aenity After Transfer 


Amount, Iinage ~ 
Type / ‘Test’ oop os Comment 


Exo § 


Alternating sursumduction 


Patient described ARC with 
40.60 +6 one eye (spontaneous) 


Describes monocular ARC 
and intermittently describe: | 
NRO with 0.8. only 


Describes NRC with 0.8 
alone but not with O.D 


Unable to get patient to se 
after-image with nonexposed 
eve 


Is conscious of which eye be 
is seeing after-image with ever 
if covered; horizontal after- 
image is not stationary 


Realizes she sees “trans 
ferred” image with occlude: 
eve 


Repeated attempts 


* Right eye always exposed to the vertical bar of light. 


| Exposed eye. Ability of the subject to “transfer” the image to the opposite eye shown by +; inability 
shown by 
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jet Age, 
No Vr 
14 Alt “ 6/62 + + 
os 
Feo “6 + + 
reo 
ren 
Feo 9.7 
12 7 Feo | 661 49° + + 
| 
LH 7 6942 6 + + 
Fro 12 
7 Exo 20-40 | 
LH 16-18 6/15 615 } 
| 
Feo 6942 6941 + + 
Fxo 66 66 + ! 
17 Exo “O38 693 + + 
Is Alt 
eso 60 6 6-3 6/6-1 


AFTER-IMAGE TRANSFER TEST 


retinal correspondence, a few subjects with normal correspondence but no deviation (ortho- 
phoria) and with varying amounts of exophoria were included to help in the comparison and 
evaluation of the test. 


RESULTS 
Eighteen patients were examined who were shown to have anomalous retinal 


correspondence on the after-image test. Their ages ranged from 7 to 27 years. The 
Tas_e 2.—Subjects with Exophoria and Normal Retinal Correspondence 


Corrected 
Visual Acuity After ‘Transfer Test 
Subject Age, - - Image ~ 
No. Yr A Test Comment, 


66 Transferred only after 5 
attempts to do so 


Nystagmus with amblyopia 


Image less evident with OS 


Unable to transfer from 
0.8. to O.D. after several 
attempts 


Seen, but with difficulty 


Both images seen with neither 
eye occhided 


results are tabulated in Table 1. In the column entitled “Transfer Test,” the results 
for the eye exposed to the bar of light are shown, and a plus sign (+-) indicate- 
that the image was seen when the unexposed eye was open. .\ minus sign (— ) 
indicates that the image was not recognized when the unexposed eye was open 

Inspection of Table 1 shows that none of the patients, with the exception of 


three (Subjects 5, 11, and 18), had any difficulty in perceiving the after-image when 


the exposed eye was covered. In the first of these exceptions, Subject 5, the after- 


image was easily transferred from the right eye to the left but could not be visualized 


when the left eye was exposed and then covered. This patient had a reduced visual 
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acuity im the right eye and, presumably, deep suppression, which may have pro 
duced this result. Patients 1] and 18 are the only ones who were unable to perceive 


the after-image with the unexposed eye even after repeated trials. 


Two subjects, 13 and 16, volunteered the information that they were conscious 


of an after-image in the unexposed eye while occluding the other eye, but they 


heheved that this image came from the exposed eye. Subjects 9 and 10 spontane- 


ously described anomalous retinal correspondence with one eye occluded and norma! 


Taste 3.—Normal Subjects 


Corrected 
Visual Acuity Transfer Test 


Subject 


No oop os op os Comment 


Transfer to O. D. uncertair 


retinal correspondence with the other eye occluded. In other words, they were aware 
of both images with only one eye open after each eye had been exposed. These 
patients were twins and were probably reverting to normal correspondence under 
orthoptic treatment, but both consistently showed anomalous retinal correspondence 
with the after-image test. 

lable 2 lists the results Obtained in patients with normal retinal correspondence 
but with varving degrees of exophoria. Their ages ranged from 9 to 46 years. There 
were two patients who did not transfer, Subjects 2 and 7. The fact that Subject 
2 was amblyopic and had nystagmoid movements of the eves may have been a 
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factor. Subject 7 could transfer the image from right to left but was unable to 
visualize the image in the right eve when the left was exposed, even after several 
repeated attempts. Subject 1 transferred only after five repeated attempts. 

In Table 3 are listed the orthophoric subjects tested. ‘Their ages varied from 2] 
to OO years. All these subjects transferred easily, although | am sure that if more 
normal subjects were examined, there would be some who would be unaware of the 
image in the unexposed eye. Jaffe * does not give details regarding the results on the 
75 subjects with normal retinal correspondence. [| should assume that there must 
have been some of these who did not transfer readily. 

In general, all patients transferred on the first attempt at the test. Those who 
did not were retested several times until | was sure of the final result. It was also 
noted that patients who transferred the after-image did so while gazing at a dark 
surface, as well as at a light one, but could more easily see the image on a light 
surface. 
COMMENT 
Following the lead of Hering,! who introduced after-images as a method for the 
study of sensory binocular cooperation, the after-image test is interpreted as indi- 
cating the visual directions of the two foveas. The relation of the after-images shows 
whether or not the foveas have a common visual direction. The relationship remains 
unaltered, whether the eves are open or closed and regardless of the position of the 
eves. 

In discussing the production of primary images and after-images, .\dler ° states 
that they result from a combination of nervous and photochemical mechanisms. 
The fact that there are fluctuations in the visual sensations produced by a momen- 
tary light stimulus is proof that the processes which go on in the retina have persist- 
ence, .\ positive after-image represents the stimulated area of the retina which 
continues to produce a visual sensation because there is persistence of the physiolog- 
ical process even after cessation of the light stimulus. The negative after-image, 
then, merely represents that portion of the retina which is momentarily refractory 
to further stimulation because this physiological process is not yet complete. 

Jatfe * states that when the fovea of one eye is exposed to a light, the fovea ot 
the other, although not exposed, will be aware of the after-image. Certainly, it 
is not the fovea of the fellow eye which is aware of the after-image; rather, it is 
the cortical centers which continue to receive the impulses produced by the persist 
ing physiological process in the retina of the exposed eye. ‘This was evident in 
patients 13 and 16 (‘Table 1), who had anomalous retinal correspondence and were 
aware of the fact that the after-image came from the exposed eye and not from the 
eve they were gazing with. 

\fter-images, then, are a function of the retina and the occipital cortical centers. 
When a subject is aware of an after-image when the unexposed eye is open and 
the exposed eve is closed, this does not mean that the unexposed eve has now begun 
to send impulses to the cortex, nor does it mean that this eye is aware of the after 
image. It only means that the exposed eye continues to produce a visual sensation 
regardless of whether the eyes are open or closed. This conclusion is borne out by 
the fact that the after-image is always positive, even when the exposed eye is closed 
and the unexposed eye is kept open. Ability of the occipital cortex to interpret which 
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eye produces the visual sensation is often but not always associated with the open 
eye, The term “transfer” used by Jatfe * is, therefore, misleading, since it implies 
that the visual impulses arise in the unexposed eye. 

The series of patients reported in this paper, though small, permits the definite 
conclusion that persons with anomalous correspondence, on the whole, do not 
respond differently in the “after-image transfer test” than do those with normal 
correspondence, This is what one would expect, and it is therefore unnecessary to 
diseuss the theoretical implications which are drawn by Jaffe * from his results 
There are, nevertheless, some people who are not aware of an after-image in the 
unexposed eye, Certainly, the exposed eye continues to produce visual impulses 
even when closed. The persistence of the physiological process was demonstrated 
hy the reappearance of the after-image when these subjects closed both eyes or 
reopened the exposed eye. Obviously, there was strong suppression in_ these 


patients, and the visual impressions arising in the opened, unexposed eye over- 
whelmed the impulses coming from the exposed, but closed eye. It is likely that 


successful antisuppression exercises would reestablish a normal response in these 
-ubjects 


SUMMARY 


lighteen subjects with anomalous retinal correspondence, 12 subjects with 
exophoria, and 12 orthophoric subjects were examined by the “after-image transfer 
test,” as deseribed by Jaffe.” 

No relationship was found between the ability of a subject to “transfer” the 
alter-image to the unexposed eve and the status of retinal correspondence. 
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PROGRESSIVE SCLEROPERIKERATITIS 


W. A. MANSCHOT, M.D. 
ROTTERDAM 


ROGRESSIVE  scleroperikeratitis is a rare disease. Anglo-American 
literature the last cases were described in 1913 by Verhoeff' and in 1916 by 
Derby and Verhoetf.* One seems justified, therefore, in drawing the attention again 


to this peculiar, ill-defined disease, which gives rise to many different clinical 


pictures and which is mentioned in the literature under various names. The oppor 
tunity to study anatomically a tumor in the orbit which appeared to be an eve 
undergoing progressive scleroperikeratitis was the immediate motive prompting 
this publication. 

REPORT OF A CASE 


The clinical history of the case has already been given by Flieringa," in a lecture entitled 
“Tumors in the Orbit.” At that time anatomical examination had not yet been made. 

A woman, aged 64, had been under treatment of many ophthalmologists during the past 30 
years. The left eye possessed only some light perception. The right eye presented: an unusual 
aspect. Instead of an eyeball, an ivory-colored disk was seen, which filled the entire entrance 
of the orbit. In the center of the disk the color was grayish-red. Superficial blood vessels were 
visible over the entire surface. The patient was able to observe a hand that moved close before 
the eye. The tumor had a smooth surface and was slightly movable in the orbit. Nowhere 
could an examining finger penetrate between the tumor and the wall of the orbit. The tumor 
protruded over the lower margin of the orbit and was palpable immediately beneath the skin. 
Pressure on the tumor was very painful. The regional nodes were not swollen. An electro- 
retinogram could not be taken of the right eye. The electroretinogram of the left eye was 
normal, with a b-potential of 0.36 my. 

Medical examination of the patient revealed no anomalies except for a nodule in the thyroid 
gland, The blood sedimentation rate was 60 mm. within the first hour and 96 mm. in two 
hours. The patient had been under treatment for rheumatoid arthritis for many years. Rhino- 
logical examination was negative. X-ray examination showed a minor diffuse shadowing of the 
1ight orbit. The nasal sinuses and the optic foramina were normal 

Right Eye.—The tumor slowly increased in size during an observation period of some length 
and was jammed into the entrance of the orbit. The growth extended under the skin of the 
lower lid in the direction of the cheek. An operation was performed (Flieringa) in order to get 
more information on the nature of the tumor. The skin was incised along the lower margin of 
the orbit. An ivory-colored, smooth, glistening tumor was encountered immediately beneath 
the skin. Almost no conjunctival tissue was present, and it was not possible to find any indica- 
tion of a separation of the eyeball and the tumor. It was clear that the tumor originated from 
the eyeball. A wedge of tissue was excised from the exposed tumor, the specimen having a length 
of 1.5 em., a width of some millimeters, and a depth of 0.5 cm. The color of the excised tissue 
was the same as that of the tumor surface; no hemorrhage or pigmentation was seen. The 
pathologist (Straub) reported it as “probably an amyloid tumor with some giant cells.”’ 

Again, an observation period of some months followed. Since the tumor enlarged, slowly, 
it was planned to remove the entire contents of the orbit. During operation (Flieringa) it was 


possible, however, to penetrate between the tumor and the orbital wall, so that the whole tumor 


From the Ophthalmic Hospital. 
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could be luxated. During these manipulations the pressure exerted appeared to be too high, and 
the eye ruptured at a place where the cornea might be expected to have been. The lens and th 


vitreous were extruded from the eye with great force After removal of the tumor a large, 


bleeding cavity remained. The assisting plastic surgeon (Raadsveld) covered the wall of the 
cavity with a large skin graft 

After this operation, performed in 1951, a report of an ophthalmological examination of the 
patient in 1929 was received. This report revealed that at that time the patient had already suf- 
fered more that 10 years from anterior scleritis. Vision in the right eye was then 5/18. Sever 
scleritis was present, with numerous yellowish-red nodules; only a quarter of the sclera at th 
medial side of the eye showed no nodules. The reactions of the pupil, the inner part of the eye, 
and the visual field were normal. The left eye had only perception of light. In this eye a large 
leucoma of the cornea was present; coloboma of the iris and aphakia could be diagnosed. The 


patient was in good health, and the report stressed that she had never had rheumatoid complaints. 


Pathoanatomical Examination (P. A. 74): The formalin-fixated tumor measured 4 by 3.5 
by 25 em. Its color was grayish-white. The perforated cornea was visible in the lower half 


of the tumor. Dark tissue protruded from the inner part of the eye. The grayish-white tumor 


rose above the corneal level at the upper and lateral sides of the cornea. The posterior side of 


lig. 


Vertical section through the center of the cornea and the optic nerve. 


the tumor showed the shriveled globe, surrounded by the same tumor masses. Five external 
ocular muscles emerged from the tumor; their insertions had become embedded in the tumor 


tissue. The optic nerve and the center of the posterior segment of the bulb Seemed macroscopi 
cally free from tumor tissue. 

Figure 1 is a vertical section through the center of the cornea and the optic nerve. The major 
part of the tumor is situated at the upper side of the eye. It originates from the anterior upper 


side of the eye, and no separation is visible between the sclera and the tumor. The lower part 
of the eye, as well as the posterior part, shows a thickened sclera. The lumen of the eye does 
not contam any tumor tissue. 

Microscopic Examination; The severest pathological changes were situated in the anterior 


segment of the eye. The large tumor at the upper side of the eye reached from the corneal 


margin to far behind the equatorial region, Its largest cross section was 13 mm, The pos- 
terior and inferior parts of the sclera also showed marked thickening; thus, the whole sclera 
was involved in the pathological process. A separation between the sclera and the tumor was 


nowhere visible. The tumor consisted of a proliferation of connective tissue, arising from the 


sclera and the episclera. This proliferated connective tissue was densely infiltrated with lympho- 
cytes, plasma cells and leucocytes and contained extensive necrotic areas in which many large 


and small caleareous deposits were visible. In some places clefts were seen, which had the typical 


shape of cholesterol crystals (Fig. 2). At one place a first phase of bone formation was to he 


found. The normal scleral structure was unrecognizable; the original scleral fibers were sepa 
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rated by the proliferated connective tissue and cellular 


sive necrotic areas. Plasma cells were 


infiltration. The selera also showed exten 
present at some places in such large 
consulting pathologist (Straub) took the diagnosis of a plasmacytomé 


quantities that the 
diagnosis, as well as the 


into consideration. This 
original diagnosis 


of amyloid tumor, however, had to be 


abandoned 


Clefts in the tumor tissue, showing the shape of cholesterol crystals 


Fig. 3.—} 


Masses of lymphocytes with a clear center resembling lymphoid follicles 


Eosinophilic leucocytes were also present at many places 
Lymphocytic by far the 
, resembling lymphoid follicles 

of progressive 


Giant cells 
infiltration was dominant type; masses 
were seen (Fig. 3). These 
as von Szily 


were met very seldom 
of lymphocytes with a clear 
center follicles y 


scleroperikeratitis, asserted. They 


vere In no way typical 
are to be found at any place 
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vhere a chrome inflammatory process has been present. The tumor contained many blood ves- 
sels; most of them showed a perivascular lymphocytic infiltration, and the walls of many vessels 
were thickened by intimal proliferation and a perivascular inflammatory process. The tumor 
enclosed the tendon of the superior rectus; the tendon was partly surrounded by a coat of 
lymphocytes, and the muscle showed a dense cellular infiltration 

Che separation of the sclera, the episclera, and the tumor, as well as the separation of the 
sclera and the uvea at the upper part of the eye, was obscured by extensive areas of necrosis 
and calcification and by many hemorrhages and inflammatory reactions. 

rhe thickening of the sclera at the posterior and the lower part of the eye also consisted 
of a proliferation of granulation tissue originating in the sclera and the episclera. The thickened 
lura of the optic nerve had merged with the episcleral granulation tissue (Fig. 4) 

Figure 5, showing the lower part of the cornea and the limbal area, clearly justifies the diag 
nosis of progressive scleroperikeratitis. The episcleral granulation tissue merges with a thicl 
epicorneal layer of the same structure, situated upon the clearly visible membrane of Bowmat 


big. 4.—-Thickened dura of the optic nerve, which has merged with the episcleral granulati 
tissue. 


Phis epicorneal tissue was also densely infiltrated with lymphocytes and leucocytes and showed 
many blood vessels, with perivascular cell infiltration. The corneal epithelium had an irregular 
appearance and was partly detached from the underlying tissue. The thickness of the epicorneal 
tissue was at least two-thirds the thickness of the corneal stroma, though oblique section may 


have given a slight distortion. The abundance of inflammatory phenomena in the epicorneal 
granulation tissue presented a striking contrast to the scarcely infiltrated stroma of the lower 
half of the cornea 


The upper half of the corneal stroma, on the contrary, was more extensively infiltrated. The 
cellular infiltration became concentrated in the direction of the limbus. A hemorrhage had 
occurred between the stroma and the newly formed epicorneal layer. The membrane of Bowman 
was unrecognizable ; the epicorneal layer ended abruptly in the margin of a corneal ulcer. The 
central part of the base of this ulcer was formed by intensely infiltrated stroma, in which a 
large blood vessel was visible. The peripheral part of the bottom had perforated. The upper 
margin of the ulcus was formed by the markedly thickened sclera and the ciliary body. Iris 
and retinal tissue had prolapsed through the gap. The prolapsing iris contained much cellular 
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big. 5.—Episcleral granulation tissue merging with a thick epicorneal layer of the same structure 


Fig. 6.—A, retina; &, necrotic choroid with drusen; C, necrotic sclera with calcareous 
deposits; D), episcleral tissue with calcareous deposits and lymphoid infiltrations; /, hemorrhage 
in choroid and subretinal space. 
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infiltration, in contrast to the iris in the lower part of the eye, in which only a single mass of 
lymphocytes was visible at its base. The stroma of the iris was atrophic; the anterior surface 
vas covered by pigmented cells. The pigment epithelium was locally thickened and contained 
1 single blood-filled cyst. The angle of the anterior chamber was open; the chamber was partly 
filled with blood, which was connected with large masses of blood in the inner eye. The lens had 
disappeared. The ciliary body in the upper part of the eye was totally necrotic; its normal struc- 
ture was replaced by hemorrhages and cellular infiltration. The ciliary body in the lower part 
of the eye was hyperemic and contained many hemorrhages. The choroid in the upper part of 
the eye was hardly recognizable and was included in the scleral inflammatory process; its struc 
ture had been replaced by a thick layer of partly necrotic scar tissue, which contained hyaline 
degenerated connective tissue, extensive calcifications, masses of pigment, large hemorrhages 
and much cellular infiltration, Hyaline degenerated pigmented nodules, partly covered by pig 
mented cells, protruded into the lumen of the eye and resembled large drusen of Bruch’s mem 
brane (Fig. 6). The posterior part of the choroid was very hyperemic; it contained many 
hemorrhages and showed slight lymphocytic infiltration. The retina had undergone total 
cetachment except for a single area in the upper part of the eye, where it was involved in 
the inflammatory process of the choroid and the sclera. The detached part of the retina showed 
no inflammatory signs; it contained many hemorrhages. The cavity of the eye was filled witl 
blood. The optic nerve was hyperemic; the fibers of the lamina cribrosa were not curved 
backward 

Left Eye-—The ophthalmological examination performed in 1929 had already shown that 
visual acuity in the left eye had decreased to perception of light. A large leucoma, an artificial 
coloboma of the iris, and aphakia are described in the report. As an electroretinogram of this 
eye showed a b-potential of 0.36 my. and perception of light still was present, it was attempted to 
improve the function of the eye. First, a fibrous membrane in the pupil was incised with a von 
Graefe knife through a meridional corneal section (Flieringa). After some time a lamellar 
corneal transplantation was performed (Flieringa). The result was encouraging in so far as 
the patient afterward was able to count fingers at a distance of 1 meter 

\natomical examination of the excised superticial part of the cornea (C. 156) gave the follow- 
ing picture: The epithelium was locally thinned but showed a normal structure. A thin layer 
of newly formed connective tissue was present between the epithelium and Bowman's membrane 
\t one place this layer possessed considerable thickness. Here the normal lamellar structure of 
the corneal stroma had been replaced by a homogeneous, structureless mass; elsewhere the 
lamellar strueture had disappeared only in the superficial part of the stroma. No cellular infil- 
tration and no ingrowth of blood vessels was visible 

Chus, the histological aspect of the cornea of the left eye was entirely different from that of 
the right eye. Many degenerated corneas sent to the laboratory after a total or lamellar corneal 
transplantation showed a thin layer of connective tissue between the epithelium and Bowman's 
membrane. We could not find evidence that the histological picture of the excised part of the 
left cornea showed alterations comparable to those of the right cornea. The clinical appearance 
of the left eye also made it improbable that this eye was affected with progressive scleroperi- 
keratitis 

COMMENT 

Vrogressive scleroperikeratitis is described in the literature under various 
names. The disease is also mentioned as gelatinous, brawny, annular, or malignant 
scleritis. The clinical picture is characterized by a gelatinous, diffuse inflammation 
of the sclera and the episclera that encircles the cornea. The first stage of the 
disease is marked by isolated nodular areas of inflammation, which fuse until the 
inflammation extends entirely around the cornea. Recurrences are frequent at 
this stage. The area of inflammation spreads not only backward and forward but 
also into the deeper layers of the sclera and afterward into the uvea. The first 
signs of corneal involvement are often given by a marginal ulcer. Minute clinical 


and anatomical descriptions of cases of malignant scleritis with corneal ulcers are 


viven by Aten.® These ulcers may attain a wide extension, as in the cases described 
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by Ishikawa" and Voss.’ The swelling of the pericorneal episcleral tissue consists 
in the first stage of a dense infiltration, mainly by lymphocytes, attended in later 
stages by proliferation of granulation tissue. This granulation tissue can penetrate 
between the corneal epithelium and the membrane of Bowman, accompanied by 
cellular infiltration. At last the whole corneal surface may be covered by a non- 
transparent layer. Beautiful colored pictures of this process are given in the article 
of von Szily. In more serious cases the uvea is also involved in the process, and 
iritis, cyclitis, and choroiditis may occur. Terminal stages are characterized by 
detachment of the retina and by secondary glaucoma. 

The inflammatory process is not always limited to the eye. Cellular infiltration 
may occur in the orbital fat tissue and in the external eye muscles. Von Hippel * 
described an inflammatory tumor of the lacrimal gland. The case described by Voss 
was very interesting in that masses of inflammatory tissue proliferated in the orbit 
some months after enucleation of the eye. Excision of this proliferative tissue was 
followed by recidivation. Progressive scleroperikeratitis developed afterward in the 
second eye in this case. Anatomical characteristics of the disease are as follows: 

1. All layers of the eye except the retina are involved in the inflammatory 
process. 

2. This inflammatory process is characterized by a dense, diffuse, local infiltra- 
tion of lymphocytes, plasma cells, and leucocytes. Typical lymphoid follicles are to 
be found. Another characteristic may be a marked proliferation of connective tissue. 

3. Extensive necrotic changes are present with large hemorrhages, calcareous 
deposits, cholesterol crystals, and even formation of bone tissue. 

No case of progressive scleroperikeratitis has previously been described in 
which, as in our case, a tumor-like episcleral proliferation of granulation tissue was 
present. Such a proliferation, however, has been described in a closely related 
disease, viz., progressive posterior scleritis. Posterior scleritis is characterized 
by orbital edema, causing exophthalmos, orbital pain, and redness of the eye. In 
more serious cases symptoms of involvement of the posterior part of the uvea, 
often producing detachment of the retina, and sometimes involvement of the optic 
nerve, are found. A case of posterior scleritis, described by James, is cited by 
Duke-Elder. A typical case is that of van Waveren,” with recidivating scleritis 
in both eyes, exophthalmos, and retinal detachment. The serious changes in the 
posterior part of the eye in this case contrasted with the mild changes in the anterior 
segment. [Histological examination in a case reported by Radnot?® and in two 
cases described by Orban '! revealed a marked thickening of the posterior sclera, due 
to inflammatory granulation tissue. The condition in these cases is rightly described 
by the authors as progressive posterior scleritis. The most interesting case of 
progressive posterior scleritis, however, is described by Landegger '* under the 
name schwerer sulsiger Skleritis. The clinical picture in this case was dominated 
by the symptoms of a tumor around the posterior eye segment. When enucleation 
was necessary, it had to be performed by sharp excision of the bulbus from sur- 
rounding inflammatory tissue. The thickness of the posterior sclera amounted to 
13 mm.; the tumor-forming inflammatory process, however, had penetrated much 
further into the orbit. 

Our case is a strong support for the concept that progressive scleroperikeratitis 
and progressive posterior scleritis are different localizations of the same inflamma- 
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tory process. The case of Landegger and our case represent the posterior and an- 
terior counterparts of the most extreme form of progressive scleritis. The cases of 
Kadnot and Orban showed a less severe form of progressive posterior scleritis, com- 
parable to many described cases of less severe progressive scleroperikeratitis or 
malignant scleritis. The cases of posterior scleritis described by James and van 
Waveren are comparable to still milder forms of the annular, gelatinous, or brawny 
type of scleritis. 

Recent literature on scleral diseases (Stillerman'*; Swan'*) has made it 
evident that many types of scleral inflammation belong to the category of “collagen 
tissue diseases.’ This term designates a number of acute and chronic maladies of 
unknown etiology in which there are widespread alterations of connective tissue, 
particularly in the extracellular substance. The category includes erythema nodo- 
sum, periarteritis nodosa, rheumatic fever, rheumatoid arthritis, disseminated lupus 
erythematosus, generalized scleroderma, and dermatomyositis. Swan emphasizes 
that although these processes are commonly designated as “diffuse,” or “system,” 
disease, a more proper term would seem to be “disseminated” collagenous disease, 
because they are seldom generalized but frequently have areas of disseminated 
focal lesions. 

The sclera is composed almost entirely of intercellular materials. Interlacing 
collagenous fibers, with only occasional tine elastic fibers, and an amorphous ground 
substance are the major components. The sclera has few blood vessels; conse- 
quently, proliferative response to injuries to an appreciable degree does not occur 
except by invasion of cells from adjacent tissue. Swan distinguishes two types of 
exudative reactions, the suppurative and the granulomatous. Granulomatous scleritis 
is characterized histologically by infiltration of the sclera with large masses of 
inflammatory cells. This infiltration and inflammatory edema result in separation 
of and irreparable damage to the fibers. The involved sclera is frequently thickened 
and may form local nodules. It may extend around the globe to produce an 
“annular” scleritis. Involvement of the cornea produces the clinical picture of 
sclerosing keratitis. 

There are many arguments for the view that progressive scleroperikeratitis 
belongs to the group of granulomatous scleritis, as designated by Swan. The local 
inflammatory nodules in the sclera and the episclera which form the first signs of 
the disease are the same as the rheumatoid nodules in the sclera which are the 
first signs of so-called scleromalacia perforans. Since van der Hoeve '* described 
his first cases of scleromalacia perforans and chronic arthritis before the Dutch 
()phthalmological Society and Rochat,* during the same meeting, presented pictures 
from a similar case, nearly all authors have confirmed the relationship between 
scleromalacia perforans and rheumatoid arthritis. Recently the disease is even 
designated as “rheumatoid nodules of the eye” (Goar and Smith ') or “rheumatoid 
nodules of the sclera” (Ashton and Hobbs '?). The fact, however, that these 
rheumatoid nodules of the sclera are a starting point for progressive scleroperi- 
keratitis as well as for scleromalacia perforans makes it desirable to maintain both 
the latter descriptive designations. 

Swan has stated that anatomical study of his cases of scleromalacia perforans 
suggested that the inflammatory process involved the sclera as well as the connective 


* Rochat, G. F., in discussion on van der Hoeve.*® 
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PROGRESSIVE SCLEROPERIKERATITIS 
tissue of the globe and its adnexa, including the connective tissue of the orbit. It 
is mentioned above that the same thing applies to many cases of progressive 
scleroperikeratitis (von Hippel, Voss; our case) and progressive posterior scleritis 
(Landegger). Similarities exist also between the histological picture of progressive 
scleroperikeratitis and the involutional histopathological changes in rheumatoid 
nodules. Fienberg and Colpoys ** state: 

It can be concluded that the involutional process of rheumatoid nodules consists first of a dis- 
organization of the palisaded cell layer and the fusion of the palisaded cells to form multinucleated 
giant cells... A decrease in the number of palisaded cells is accompanied by fibrosis. The 
central focus of necrosis undergoes cystic liquefaction. If the nodule is small enough, it shrinks 
and becomes a small scar in which a few plump, infrequently vacuolated fibroblasts may still 
be seen. If the nodule is large, the amount of fibrous tissue prevents much shrinkage and a cavity 
containing cholesterol crystals remains. 


The view that progressive scleroperikeratitis is closely related to the various 
well-known forms of “rheumatoid” scleritis is also supported by the report that 
in many cases the patients showed rheumatoid symptoms. Ishikawa, Radnét, Orban, 
and Voss stated that their patients suffered from rheumatoid arthritis. The patient 
of van Waveren did not show rheumatoid symptoms, but the author stressed the 
prompt recovery on salicylic acid treatment. Our case is very instructive in this 
respect. The report of the ophthalmological examination in 1929 stated that no 
symptoms of rheumatoid arthritis were present, despite the fact that the scleritis had 
already existed for 10 or 12 years. The clinical report in 1951, however, reveals 
that the patient had suffered from rheumatoid arthritis for many years. Thus, it 
appears that the scleritis can precede the rheumatoid arthritis for at least 10 years. 
Reexamination of all patients in previous years described as not suffering from 
rheumatoid arthritis is therefore necessary. 

It seems justifiable to consider all the varieties of scleral inflammation, described 
as rheumatoid nodules of the sclera, annular scleritis, brawny scleritis, malignant 
scleritis, scleromalacia perforans, progressive posterior scleritis, and progressive 
scleroperikeratitis, as one disease, varying only in localization and intensity. As a 
granulomatous form of exudative scleritis, they all fit into the classification of scleral 
inflammations, as proposed by Swan, and they all belong to the group of dissemi- 
nated collagenous diseases. 

Therapeutic possibilities, provided by corticotropin and cortisone, promise to 
become of great value in the treatment of these scleral diseases. ‘The reports of 
Fienberg and Colpoys, Mundy and associates,'® and Ashton and Hobbs demon- 
strate the dramatic response of rheumatoid nodules of the sclera to cortisone. 
Ashton and Hobbs stated that in scleromalacia perforans cortisone prevents further 
activity and thus creates suitable conditions for fibrous regeneration. The regen- 
erative process is inhibited, however, in proportion to the concentration of cortisone 


present. This dual effect should be taken into account in deciding upon the dosage. 


SUM MARY 
The clinical and histological studies of a case of progressive scleroperikeratitis 
are reported. The patient had suffered for more than 30 years from an inflammatory 
disease of the eye. The inflammatory process, originating in the sclera, had produced 
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a large tumor that filled the whole anterior part of the orbit. A thick layer of granu- 
lation tissue had covered the cornea, so that the latter could not be located in the 
tumor during clinical examination. 

It seems justified to consider all the varieties of scleral inflammation, described 
as rheumatoid nodules of the sclera, annular scleritis, brawny scleritis, malignant 


scleritis, scleromalacia perforans, progressive posterior scleritis, and progressive 


scleroperikeratitis, as different forms of one entity, to be called granulomatous 
scleritis, as designated by Swan. They all belong to the group of disseminated 
collagenous diseases. 
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CLINICAL PUPILLARY SYMPTOMS IN LESIONS OF THE 
OPTIC NERVE, OPTIC CHIASM, AND OPTIC TRACT 


OTTO LOWENSTEIN, M.D. 
NEW YORK 


N AN EARLIER study,' symptoms were described which resulted from experi- 
mental lesions at various sites within the pupillary light reflex pathways of 
cats. The present paper will discuss the clinical pupillary symptoms which result 


from pathological processes in the “first neuron” of the light reflex are * and will 


attempt to correlate clinical observations with facts derived from experiments on 


cats and monkeys, with the aim of reconciling conflicting opinions held by clinicians 
on the subject. Such correlation will be seen to be possible after description of the 


basic species similarities and differences. 


METHODS 


All pupillary symptoms were pupillographically recorded. The methods of pupillography have 
previously been described.+ The pupillary reflexes to light and to darkness were studied, using 
“standard” or “low” intensity stimuli. All experimental conditions, such as dark adaptation, 
fixation (as far as possible), intensity and duration of the stimuli, and interval between stimuli, 


were standardized. Only those experiments in which interfering emotional or extraneous 


sensory stimuli were prevented were used in this study. The experimental conditions are 


described in Table 1. 
Our clinical material concerned with pathology of the pupillary pathways includes approxi- 
mately 2,500 cases. Normal human values were derived from about 300 subjects, most of whom 


were examined repeatedly and under various conditions. As experimental material, 120 cats and 


40 monkeys were used. They were examined many times, both before and after lesions were 


placed at various sites within the centers and pathways of pupillary control. 

Fourteen of the clinical cases will be described here. Ten of them are representative of 
lesions limited to the optic nerve, chiasm, or tract, while 4 serve as examples of cases in which 
the findings are complicated by associated third nerve or sympathetic fiber damage. My general 


statements are, however, based on our entire material 


RESULTS 


I. FINDINGS IN MAN, MONKEYS, AND CATs 
A. Features of Normal, Nonfatigued Reflex to Light Stimuli of Standard Inten- 
sity.—Pupillographic records show that the basic features of the reflex to light in 


man, cats, and monkeys are very similar. Slight species differences are due to 


COMPARATIVE PUPILLOGRAPHIC 


quantitative differences in the ratio of sympathetic to parasympathetic activity, 


i. e., the type of sympathetic-parasympathetic equilibrium. 


This work was supported by the Harriman Fund. 
From the Department of Ophthalmology (Laboratory of Pupillography), Columbia Uni- 
versity College of Physicians and Surgeons, and the Institute of Ophthalmology, Presbyterian 
Hospital 

* In this study, as in the previous one,’ the intraretinal neurons are disregarded, and the 
term “first neuron” is applied to the ganglion cell layer, which sends its fibers through the optic 
nerve, chiasm, and tract. Defects of the retina will be mentioned only briefly. 
+ Reference 2. This article includes a review of the earlier literature. 
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When the dark-adapted eye is exposed to a light stimulus of standard inten- 
sity, both pupils respond, after a short latency period, by a contraction, which is 
followed, shortly after removal of the stimulus, by a redilation (Fig. 1 Al, A2, A3). 
Contraction and redilation movements are not performed at an even rate, but occur 
in phases of increasing and decreasing speed of motion. These phases are shown 
most clearly in the differential curves (Fig. 1, B1, B2, B3), which are obtained by 
measuring the speed (in millimeters per 0.1 second) at which the motions appear 
in the original pupillogram (Fig. 1.A1, A2, A3).4 


TABLE 1.—Experimental Conditions Observed in This Study 


I. Mumination 


(a) Lamp. 
(b) Bulb 


Spencer microscope lamp 
Tungsten: G. E. #1439 (6 v 


2.75 am.) 


Wratten #88A (dark red-infrared) 
(d) Distance bulb to eye. ; 2 — 12 in., from 45° below horizontal 
(e) Adaptation time...... 6 min 


If, 


Fixation point 


Nonluminous point of red light, 1 em. diameter, at distance of 10 ft 


and angle of 
15° above horizontal 


Light stimulus 


(a) Bulb Tungsten; G. E. 31439 (6 v.; 2.75 am.) 
Wratten #X1 (green) 
(c) Intensity (measured at the level of the 
“Low’’: 4, or 0.2 f.-e. 


(e) Dark interval between stimull.. aaa 3 see 


IV. Reeording 


10 measurements /sec 


- 


O- 


I Ii 


Time in 0./ Second — 


Fig. 1.—Normal light reflex in man (A/), monkey (42), and cat (43). 


Al, A2, A3: Pupillographie record, obtained by plotting pupillary diameter (in millimeters), 
as the ordinate, against time (in 0.1 second), as the abscissa. 

B1, B2, B3: Differential curves of Al, A2, A3, showing the speed of motion at which the 
pupils contract or dilate, obtained by plotting the extent of contraction (in millimeters), as 
the ordinate, against time (in 0.1 second), as the abscissa. The C-wave shows the phases of 
increasing and decreasing contraction speed; the D- and E-waves show the two successive 
phases of increasing and decreasing redilation speed. It can be seen that, though quantitative 
differences exist between species, the basic patterns are the same 


Clinical experience and the results of experimental work on cats and monkeys 
have shown that each of these waves of increasing and decreasing contraction and 


t References 3 and 4. 
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dilation speed has its own functional significance. Clinical or experimental lesions 
at different sites within the pathways of sympathetic and parasympathetic pupillary 
control result in the selective reduction or absence of one or more of them.§ Thus, 
the shape of the reflex to light (a) expresses the type of sympathetic-parasympa- 
thetic equilibrium present in a subject and (>) reveals lesions or irritation within 
the nerve centers and pathways of pupillary control, These facts are summarized 
in Table 2. 


Taste 2.—The Normal, Nonfatigued Pupillary Reflex to Light in Man 


Portion of Pupillogram Functional Significance Anatomical Structures Involved 

First (fast) phase of Parasympathetie action Afferent 
contraction; C-wave, 
ascending branch 


and efferent light reflex path- 
ways Optic nerve ~ optie tract — 
pretectal area — third nerve nucleus 
third nerve fibers ~ celliary ganglion ~ 
short ciliary nerves — iris sphincter 


Second (slower) phase of Parasympathetie action, Sympathetic inhibition over connections 
contraction; C-wave, damped by predomi- from posterior hypothalamus to third 
descending branch nantly central sympa- herve nueleus 

thetic impulses 


First (faster) period of Relaxation of para- Third nerve nucleus 
redilation; D-wave sympathetic 


Second (slower) period of Sympathetie action via 
redilation; E-wave tne cervical sympathetic 
chain 


From cerebral cortex (probably Area 8) 
via hypothalamus — center of Budge —~ 
cervical sympathetic chain - iris dilator 
musele 


estes 


adliarneter —» 


eeal 


) 


Time in 0.1 second > 


Fig. 2.—Reaction to light of normal man in response to standard and to low intensity stimuli. 
_ A: Pupillographic records. The solid line represents the reaction to “standard” (15 f.-c.) 
intensity stimulus; the broken line, that to low intensity (4 f.-c.) stimulus, and the dotted line, 
that to very low intensity (0.2 f.-c.) stimulus. The reflex not only becomes less extensive but 
also changes its shape as the stimulus intensity is decreased. 
_ B: Differential curves of the pupillographic records in A show that with decreasing stimulus 
intensity the latency period fer contraction becomes longer, and the concentration wave lower and 
shorter in total duration. The redilation waves become less extensive and premature. 


B. Reactions to Light Stimuli of Graded Intensity.—When the intensity of the 
light stimulus is varied, the resulting pupillogram changes not only in extent but 


§ References 4 through 6. 
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also in shape, as is illustrated in Figure 2. The subject was a man, aged 26, in good 
physical and mental condition. Light reflexes were elicited by standard and low 
intensity stimuli under identical conditions of fixation and dark adaptation. It can 
be seen that reactions to high intensity stimuli are not only more extensive but 
also faster and of longer duration than reactions to low intensity stimuli, which 
have an inextensive, relatively slow contraction, an increased latency period, and 
short duration. In low intensity reactions, the pupil often begins to redilate before 
the stimulus has come to an end, and the reflex assumes the shape of a small w or v. 
These changes become increasingly pronounced as the stimulus intensity is reduced. 
lurthermore, low intensity reflexes are more easily disintegrated by fatigue or 
inhibited by conflicting sympathetic activity due to sensory or emotional stimuli 
than are standard intensity reflexes. 

The characteristics of normal low intensity light reflexes are explained by the 
fact that light of low intensity stimulates the retinal receptors less than light of 
high intensity. The third nerve nucleus, therefore, receives less stimulation and, 
in turn, responds less strongly. Conflicting emotional or sensory stimuli bring the 
antagonistic sympathetic impulses into play, suppressing a weak parasympathetic 
reflex more readily than a strong one. 


Tasie 3.—Normal Values for the Light Reflex to Standard Intensity Stimuli in Human 
Subjects up to 50 Years of Age 


adapted pupillary diameter 


Tham 


Lateney period for contraction see 
Extent of eontraction Tom 
Peak speed of contraction 557.0 Tam, per sec 


Duration of contraction 1.0-1.3 see 


Peak speed of redilation, 3.0-4.5 mm. per see 


The normal range of values for the light reflex to standard intensity stimuli 
under our experimental conditions is given in Table 3. 

C. Reflex to Darkness.—The pupillary reflex to darkness is elicited 
by inte: upting a constant light to which one eye has been adapted. This reflex must 
not be confused with the dark adaptation process, in which the pupils participate. 
Under the standard conditions described, either the right or the leit eye is adapted 
for three minutes to the standard (15 f.-c.) light used for the elicitation of the light 
reflex. The “darkness stimuli” are one-second interruptions of this light, with 
“light intervals” of three seconds. The darkness reaction consists of a period of 
dilation during the dark interval (Fig. 3.4, >), followed, upon readmission of light, 
by contraction and redilation (Fig. 3.4, ¢,d). 

When the light used in this experiment is of low intensity, the darkness reflex 
is characteristically changed. The pupils are fairly large in the low-intensity-light- 
adapted state (Fig. 38,a). During the dark interval they dilate little, if at all, 
depending upon the brightness of the light being used ( Fig. 3 B,b), while contrac- 
tion and redilation upon readmission of light are surprisingly well developed 
(Fig. 3B,¢,d). 

The darkness reflex is usually more sensitive than the light reflex as an indi- 
cator of slight variations in light intensity. Slight damage to the first pupillary 
neuron is therefore often more strikingly revealed in the darkness reflex. 


|| References 5 and 6. 
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D. Production of Anisocoria by Unequal Illumination of the Two Eyes.—In 
normal man and monkeys, the direct light reflex of the stimulated eye and the 
consensual reflex of the opposite pupil are exactly equal,’ and it is impossible to 
produce “physiological anisocoria’” by unequal illumination of the two eyes.* In 
cats, however, unequal illumination causes a greater reaction in the stimulated than 
in the contralateral eye. This species difference is due to the fact that in cats the 
crossed fibers, both in the optic chiasm and in the posterior commissure, greatly 
outnumber the uncrossed fibers (Fig 4C), while in man and monkeys the crossed 
and the uncrossed pupillary fibers are about equal in number (Fig. 4 4). Anisocoria 
due to unequal afferent stimulation can develop only when the third nerve nucleus 
on one side receives more impulses than that of the opposite side. This condition is 
fulfilled in man and monkeys only when, under pathological conditions, the distribu- 
tion of crossed and uncrossed fibers between pretectal area and third nerve nucleus 
becomes unequal, a situation which exists in cats under normal conditions. 


ligh 


Time in 0./ Second — 


Fig. 3—Reaction to darkness in normal man. 

The solid line represents the right pupil; the broken line, the left pupil. 

A: Reflex to darkness when standard (15 f.-c.) light is used. (a) The right eye is adapted 
to the stimulating light, while the left eye remains in darkness; ()) the stimulating light is 
cut off, so that both eyes are in darkness. Both pupils respond to the darkness stimulus by 
dilation. When the light is readmitted, after one second, both pupils contract (c) and redilate 
(d), finally recovering the prestimulus light-adapted diameter 

B: When low intensity (0.2 f.-c.) light is used, the primary dilation ()) is reduced or 
missing, while contraction and redilation upon readmission of light (c, d) are relatively well 
preserved, changing the normal triphasic pattern of the reflex into a biphasic one, 


Clinically, anisocoria is frequently observed in cases with lesions in the optic 


nerve, chiasm, or tract. This, however, cannot be caused by unequal distribution 
of afferent impulses due to a lesion in the first neuron. It is always caused by 
additional damage to another neuron, for instance, to sympathetic or to third nerve 
fibers, due either to the same or to a different disease focus. Its nature must be deter- 
mined by an analysis of the pupillary motions (Section F ). 

E. Symptomatology of Lesions of the Optic Nerve, Chiasm, or Tract.—The 
effect of lesions in the optic nerve, chiasm, or tract upon pupillary size and reac- 
tions is summarized in Figure 5 for man and monkeys and in Figure 6 for cats. 

Man: (a) All lesions of the first neuron, regardless of their location, produce 
(1) pupils that are larger than normal in diffuse or direct illumination, but are of 
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normal size in darkness, (2) reduction or absence of direct and consensual light 
reflexes, (3) reduction or absence of the first dilation phase of the darkness reflex, 
(4) no anisocoria, and (5) normal pupillary reactions to near vision, as long as 
sufficient vision is preserved to perform the test. 

(b) Lesions of the retina or optic nerve cause direct and consensual low inten- 
sity reflexes or absence of reflexes to light and to darkness, depending upon the 
extent of the injury. Both pupils react normally when the eye opposite the lesion 
is stimulated (Fig. 5/ and Fig. 4 4,/). 

(c) Lesions of the optic chiasm usually show direct and consensual low inten- 
sity pupillary reactions when either eye is stimulated, but the phenomenon is often 


light 


light 


Fig. 4.—Diagrams of afferent light reflex path in man (4) and in the cat (C) 
and consensual light reflex in man (2) and cat (1). 


, with direct 


A and C; The distribution of crossed and uncrossed pupillary fibers in the optic chiasm and in 
the posterior commissure is about 50:50 in man. In the cat, however, a much greater number of 
fibers cross in each of the two commissures than remain uncrossed. The arrows /, I/, II], IV, 
and /’ denote the position of lesions within the first neuron. The effect of these lesions on 
pupillary size and reactions is summarized in Figure 5 for man and in Figure 6 for cats. 

Band D); The solid line represents the direct reaction of the stimulated eye; the broken line, 
the consensual reflex of the opposite pupil. In man the direct and consensual reactions are 
equal, but in the cat the direct reflex is slightly more extensive than the consensual reaction. 


more fully developed on stimulation of one than of the other eye, depending upon 


the location of the lesion within the chiasm (Fig. 5 //,/// and Fig. 4 A, //, ///). 

(d) Lesions in the anterior two-thirds of the optic tract show bilateral low 
intensity reactions when either eye is stimulated (Fig. 5/V and Fig. 44,/V). 
Although the defect may be more pronounced when the right or when the leit eye 
is stimulated, this asymmetry is less common than in lesions in the optic chiasm, 
owing to the smaller width of the optic tract. 
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(e) Lesions in the distal third of the optic tract, close to the lateral geniculate 
body, and beyond it, within the optic radiation, do not result in pupillary abnor- 
malities (Fig. 5 and Fig. 44,1’). This fact may become significant when the 
results of field studies and other neurological signs are insufficient, as, for example, 


in distinguishing between homonymous hemianopsia due to a lesion in the optic 


tract and homonymous hemianopsia due to a lesion in the middle of the optic 
radiations, since the visual fields may be more or less incongruous in either case. 

In cases with damage to the optic nerve, chiasm, or tract, it is often found that 
the light reflex is impaired when either eye is stimulated, while the reaction to near 
vision is fully developed, so that it exceeds the light reflex in extent. This syndrome 
differs from the incomplete Argyll Robertson sign in the following ways: 1. There 
is no anisocoria, which, though not a necessary part of the Argyll Robertson syn- 
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Fig. 5.—Effect of lesions at different sites within the retina, optic nerve, chiasm, or optic tract 
in man 

The positions of the lesions J, //, 117, IV, and V’ are indicated in the diagram of Figure 4A. 
The experimental conditions are as follows: Diffuse room illumination: Indirect lighting of 
an average brightness of about 10 f.-c. Strong light on one eye: One eye is exposed to a direct 
beam of light of 15 f.-c. intensity, while its fellow eye remains in darkness, The same beam 
of light is used to elicit the light and darkness reflexes. 

It is important to realize that this summary deals with lesions which are limited to the first 
optic neuron and does not take into account complications, such as additional lesions, or other 
disturbing factors, such as emotional excitement or fatigue of the patient, or a change in 
experimental conditions. 


drome, is found in the vast majority of cases. 2. The pupils are larger than normal 
in diffuse light and of normal diameter in darkness. 3. The reactions to light, though 
slower than normal, are not nearly as sluggish as in the Argyll Robertson pupil, 
and they tend to be of shorter than normal duration ; the light reflex in the Argyll 
Robertson pupil, if present at all, is extremely sluggish and usually lasts longer 
than normal. 
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Cats (Fig. 6 and Fig. 4C): The effects of analogous lesions in the retina, 
optic nerve, optic chiasm, and optic tract are more complicated, for the following 
reasons : 
1. The majority of optic fibers cross in the optic chiasm. Thus, a lesion which 
affects the crossed (mostly nasal) fibers will result in symptoms which are severer 
than those seen in an analogous defect in man, while a lesion which affects only 
the uncrossed (mostly temporal) fibers will leave the pupillary reflexes practically 
unimpaired. 

2. Since a majority of fibers of the second neuron cross from each pretectal area 
to the third nerve nucleus of the opposite side, while a much smaller number remain 


uncrossed, the pupil of the eye opposite the pretectal area which receives more 
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hig. 6.—Effect of lesions at different sites within the retina, optic nerve, optic chiasm, or optic 
tract in cats. 


rhe positions of the lesions /, //, ///, /I’, and V’ are indicated in the diagram of Figure 4C. 
lhey are analogous to the lesions of Figure 5 in man. The same experimental conditions have 
been observed as those in Figure 5, and the same limitations of the results apply. 


stimulation becomes smaller, i. e., shows a more extensive reaction than its fellow 
pupil, 

I’. Pathological Pupillary Symptoms Due to Additional Lesions in Other 
Neurons Which May Complicate the Clinical Picture in Cases with Lesions of the 
First Afferent Neuron.—The symptoms summarized in Figure 5 refer to lesions 
limited strictly to the first afferent neuron. Possible neighborhood symptoms were 
disregarded. 

In practice, however, as every clinician knows, one is frequently faced with 
complications, due either to neighborhood symptoms or to additional, associated, 
or unrelated pathology. 

Neighborhood symptoms may facilitate localization of a pathological process, 
but they sometimes make it difficult to obtain a clear picture of the specific function 
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of a structure, particularly when investigation is limited to clinical observation and 
associated symptoms may be erroneously considered an essential part of a syndrome. 
Descriptions of cases of hemianopsia with anisocoria are found in the literature at 
least as frequently as cases without anisocoria. These observations as such are prob- 
ably correct, but the explanation that this anisocoria is caused by the optic lesion 
is erroneous. 

Behr, for instance, who was one of the best clinical observers of pupillary dis- 
turbances, made the general statement that the pupil of an eye blinded from a lesion 
in the retina or optic nerve is larger than the pupil of the seeing eye, while in cases 
of optic tract injury the pupil of the eye opposite the lesion is the larger one.’ As 
his explanation, he made the assumption that in man, just as in cats, the crossing 
fibers both in the optic chiasm and in the posterior commissure outnumber the 
uncrossed fibers. He described anisocoria in two supposedly representative cases 
of gunshot injury to the optic tract. However, in his first case, the larger pupil, 
opposite the optic tract lesion, reacted less extensively than its fellow pupil beth to 


direct and to indirect stimulation; 1. e., it made no difference whether the stimulus 


wn e ~ 


diameter > 


= 
Time in 0.1 second 


H 
3 3 _ 
4 
° 


Fig. 7.—Changes in the reflex to light in man, due to (4) peripheral sympathetic damage 
and (8) partial destruction of the third nerve fibers to the iris. 


The solid line represents the normal pupil; the broken line, the pupil on the side of the 
lesion, 


A and Al: On the side of the lesion, the pupil is smaller than normal in the dark-adapted 
state; i. €., static anisocoria exists. The contraction movement is performed at an initially high 
rate of speed, which declines more abruptly than normal as the pupil approaches its smallest 
diameter. The first redilation phase (D-wave) is relatively unaffected, while the second redila 
tion phase (E-wave) is missing. 


B and B1: The pupil on the side of the third nerve lesion is only slightly larger than the 
normal one when the eyes are adapted to darkness. During the light reflex, dynamic contraction 
anisocoria develops, owing to the inextensive contraction on the side of the lesion. The reflex 
on the damaged side is not only inextensive but also delayed and slow. This is particularly 
noticeable in the late and low peaks of speed in the differential curve. 


came from the retina on the side of the lesion, when only crossed optic fibers were 
stimulated, or from the opposite retina, when only uncrossed optic fibers were 
stimulated. It is evident, then, that this type of dynamic contraction anisocoria 
(page 394) could not have been caused by the optic lesion, but must have been due 
to an additional lesion in the third nerve nucleus or the efferent third nerve path- 
ways on the side of the larger pupil. 

In his second case, the existing anisocoria increased in dim light and decreased 
in bright light. If this anisocoria had been due to inequality of afferent stimulation, 
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the opposite would have happened, since in darkness, when no optic stimulation 
exists, unequal distribution of optic stimuli is impossible. In the absence of light 
stimulation, the third nerve is normally relaxed. If anisocoria appears or persists 
in darkness, it must be concluded that the light-conducting pathways do not play 
any role in its development and that the sympathetic supply of the pupil is damaged 
on the side of the smaller pupil.‘ 

It is generally impossible by means of clinical observation alone to distinguish 
the symptoms caused by a lesion in the first neuron from those caused by involve 
ment of the neighboring third nerve or sympathetic fibers or by additional associated 
or unrelated pathology. In order properly to evaluate a pupillary syndrome appear- 
ing with a lesion of the first neuron, it is therefore necessary to make a careful 
analysis of the reflex shapes with the aid of pupillography. 

Kigure 7 A gives an example of the etfect of a peripheral sympathetic lesion, 
and Figure 7 B illustrates the pupillographic changes due to a lesion of the third 
nerve. 

When the sympathetic fibers are damaged, static anisocoria exists. The pupil 
on the side of the lesion is smaller than normal. This is particularly evident when 
the eyes are adapted to darkness. The smaller diameter may cause the light reflex 
to be less extensive on the side of the lesion than on the normal side - but the con- 
traction goes on at a faster than normal rate, and full contraction is reached sooner 
than on the normal side. These characteristics are more strikingly shown in the 
differential curves. The C-wave comes to an earlier and higher peak than on the 
normal side and quickly falls to almost zero. The first, fast dilation phase (D-wave, 
parasympathetic relaxation) is relatively unimpaired, while the second, slower 
dilation phase (le-wave) is absent (Fig. 7, 4/7). 

When the third nerve fibers are impaired, the pupil is only slightly, if at all, 
larger than the normal one while the eyes remain in darkness. Dynamic contraction 
anisocoria appears during light stimulation. The light reflex on the side of the 
lesion is not only less extensive but much slower than normal in all phases and is 
preceded by a prolonged latency period. Again, this is particularly well expressed 
by the low, delayed, and long-lasting waves of the differential curve (Fig. 7 B and 

Ii. Crinicat Cases 

Of the extensive clinical material available, only 10 cases, representative of 
lesions limited to the optic nerve, chiasm, and tract, will be described. In addition, 
four cases will be presented to demonstrate some of the possible complications due 
to the involvement of neighboring structures. Conditions of the optic nerve due to 
trauma, infection, or neoplasm in the orbit may, with equal probability, be asso- 
ciated with either sympathetic or parasympathetic damage. Lesions of the chiasm 
or the anterior portion of the optic tract (basal meningitis, aneurysm, neoplasm, etc. ) 
also may be associated with both sympathetic and parasympathetic lesions, while 
lesions in the more posterior portions of the optic tract are more frequently associ- 
ated with third nerve than with sympathetic pathology. When the fifth nerve is 
involved, the sympathetic fibers to the iris traveling with its ophthalmic branch are 
likely to be involved also. These facts can be easily explained by the topographical 
relations of the structures. 
qf An exception to this rule is that of a pupil which is very small, due to parasympathetic 
spasm which fails to dilate in darkness. 
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Retrobulbar neuritis, in the course of multiple sclerosis, is frequently associated 
with additional lesions in other parts of the central nervous system, such as the 
posterior commissure or the hypothalamus. This is also true of syphilitic and post- 
encephalitic conditions. However, description of these more complicated cases goes 
beyond the scope of the present paper. 

A. Diseases of the Retina.—When cases of disease of the retina are uncompli- 
cated, the pupillary reactions are identical to those found in cases with lesions of 
the optic nerve. 


B. Diseases of the Optic Nerve.—Several cases are presented. 
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Fig. 8.—Clinical pupillograms in cases with lesions in the optic nerve. 
The right pupil is represented by the solid line; the left pupil, by the broken line. 


A (Case 1): When the left eye is stimulated by light or by darkness, no reaction occurs 
(A2, A4). When the right eye is stimulated, both pupils react normally. It is important to note 
that there is no anisocoria, although the left optic nerve is completely interrupted. 

B (Case 2): When the left eye is stimulated by light or by darkness, the reflexes are normal 
(B2, B4), but they are inextensive and of typical low-intensity shape when the same stimulus is 
applied to the right eye (BJ, B3). The reaction to near vision is unimpaired, and no anisocoria 
exists. 

C (Case 3): The visual field (C5) shows that central vision on the right side is preserved 
and peripheral vision almost completely abolished. When the right eye is stimulated, the reflexes 
are reduced and of low-intensity shape (C1, C3), while they are normal when the left eye is 
stimulated (C2, C4). There is no anisocoria. 

D (Case 4): Only a segment of peripheral vision remained intact in each eye (D5). Never- 
theless, the reactions to light and to darkness from either eye were almost normal in extent and 
shape. 

E (Case 5): Pseudo-Argyll-Robertson syndrome due to damage of both optic nerves. The 
pupils are large and equal in darkness. All reactions to light and to darkness are reduced and 
of low-intensity shape. However, the reaction to near vision is normal, exceeding the most 
extensive light reflex by more than 1 mm. (E5). 
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Case 1.—Unilateral complete atrophy of the optic nerve in a case of multiple sclerosis. 

The patient, a 38-year-old woman, noticed five years prior to the examination that vision in 
her left eye suddenly became poor. Her vision recovered without treatment, but a few months 
later it suddenly disappeared completely, Since then, her left eye has been completely blind, 
while the right eye is normal with 20/20 vision. 

Neurological examination revealed hyperactivity of the deep reflexes. The right ankle reflex 
was more active than the left one. The lower abdominal reflexes were absent and the upper 
abdominal reflexes highly fatigable. The left optic nerve was atrophic. 

Pupillographic studies showed that after adaptation to darkness the pupils were equal at 
7 mm. When the left eye was stimulated by light or by darkness, both pupils failed to 
respond; when the right eye was stimulated, both pupils reacted equally and normally. In spite 
of the fact that the left eye was completely blind, there was no anisocoria. The sympathetic 
pupillary reflexes were normal on both sides (Fig. 8A). 


Case 2.—Seemingly cured unilateral retrobudbar neuritis in a case of incipient multiple 
sclerosis. 


The patient, a 25-year-old man, had always been generally nervous, restless, and easily 
upset but was otherwise in good health. A week before examination he felt a dull pain in the 
back of his head and a sharp pain in his right eye upon gazing to the right side. He also 
complained of poor vision. Ophthalmologically, it was found that vision in the right eye 
was reduced to counting fingers at 1 ft. (30 cm.). A centrocecal scotoma existed, including 
the blind spot. The field was contracted to 20 degrees nasally and 30 degrees temporally. 
The optic nerve appeared normal. When the patient was again seen, two days later, papill- 
edema had developed and the eye was completely blind. The blindness disappeared after a 
few days, and the patient's vision returned to 20/25, with a normal visual field. General 
neurological examination at this time showed overactivity of the right patellar reflex and 
absence of the right lower abdominal reflex. 

Pupillographie records were taken eight days after vision and visual fields had been 
restored. No anisocoria existed. After adaptation to darkness, both pupils measured about 
9 mm. The reaction to light of both pupils was normal in extent and shape when the left 
eye was stimulated, but was reduced and showed typical low-intensity shapes upon stimula- 
tion of the right eye. Likewise, the reaction to darkness was well developed when the left 
eye was stimulated, but showed a low-intensity shape when the stimulus was applied to the 
right eye. The reaction to near vision and the sympathetic pupillary reflexes were extensive 
and normal in shape (Fig. 8B) 

Case 3.—Right-sided optic atrophy with peripheral field defect in a case of benign men- 
mygitts arachnoiditis adhesiva circumseripta 

This patient was first seen in 1942. She stated that 17 years earlier, as a girl of 15, while 
convalescing from pneumonia, she had exposed her nude body to sunshine for many hours 
every day for about a week. At the end of the week she suffered from a slight increase of 
temperature, frontal headache, nuchal stiffness, vertigo, and slight somnolence. A few days 
later she lost all except central vision of the right eye, as well as her sense of smell on both 
sides. According to the patient, the cerebrospinal fluid was found to be normal. After repeated 
lumbar puncture, for therapeutic purposes, the acute symptoms disappeared. 

Neurological examinations repeatedly made between 1942 and 1953 showed no abnormality 
except for the loss of sense of smell. Ophthalmologic examination showed vision to be 20/15 
on the left side and 20/20 on the right side. The fundus and visual field of the left eye were 
normal. The right visual field showed loss of peripheral vision (Fig. 8C5). The right fundus 
presented optic atrophy. 

The pupillographic records show that when the left eye was stimulated by light or by darkness, 
both pupils reacted normally. However, when the right eye was stimulated, both pupils reacted 
inextensively and with typical low-intensity reflex shapes. There was no anisocoria, and the 
sympathetic pupillary reflexes were unimpaired (Fig. 8C) 

Case 4.—Absence of central vision with well-preserved pupillary reactions in a case of 
retrobulbar optic neuritis. 
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The patient, a 21-year-old college student, learned for the first time that his vision was poor 
when a routine physical check-up in school revealed the presence of bilateral retrobulbar neu- 
ritis. When he was seen four months later, his central vision had completely deteriorated on 
both sides, and a short time later he was completely blind. When he was seen again, after four 
weeks, recovery of the peripheral fields had restored his vision to a small degree (20/200). 
The fundus showed temporal pallor of the disc on both sides, more pronounced on the left than 
on the right. 

General neurological examination showed clonic patellar and ankle reflexes on both sides. 
The left patellar reflex was more active than the right one. The abdominal reflexes were pres- 
ent but highly fatigable. He showed a positive Babinski sign on the left side and tremor of 
intended movements. The diagnosis was multiple sclerosis. 

The pupillogram showed that, in spite of the fact that central vision was completely and 
peripheral vision almost completely gone, the pupillary reflexes were relatively well preserved 
when either eye was stimulated. The only symptom of abnormality was increased fatigability 
of the pupillary reflexes, which were readily exhausted (Fig. 81). 

Case 5.—Multiple sclerosis with bilateral optic neuritis. 

A man, 25 years of age, had always been in good health except for a period five years 
prior to examination, when he was in military service in the Pacific and suffered from dengue. 
During this illness, he was delirious for a short time. In September, 1949, he felt pain in his 
right eye for three or four days, particularly upon touch and at lateral gaze, and on Sept. 20 
his vision was recorded as 20/30 in each eye. On Sept. 21 he awoke with his right eye com- 
pletely blind. The left eye seemed to be unaffected. He was hospitalized, and examination 
revealed vision in his left eye to be 20/30, while on the right side he was able to see fingers 
at 2 ft. (60 cm.). The right disc was blurred and slightly elevated. There were scattered 
hemorrhages around it and the macula. The cerebrospinal fluid was normal. The diagnosis 
Was neuroretinitis in the right eye. 

On Oct. 10, 1949, while he had no light perception on the right side, he complained of blurred 
vision on the left side, and examination showed that complete left temporal hemianopsia had 
developed. The fundus of the right eye showed edema of the disc, and the fundus of the left eye 
showed elevation of the nasal half of the disc, especially in the inferior portion. 

Vision gradually returned within two months, and he felt well until March 10, 1950, when 
the vision on the left side again became blurred. By March 11 the left eye was completely blind 
with the exception of the lower nasal quadrant. Vision on the right side was 20/200, with 
enlargement of the blind spot. Vision improved slowly, and on March 22, when pupillographic 
studies were done, it was 20/100 on the right side and 20/200+1 on the left side. Neu- 
rological examination showed the deep reflexes to be hyperactive on both sides. The patellar 
reflex was more active on the right than on the left side. Foot clonus could be elicited on 
both sides, and Hoffmann’s sign was positive in the right lower extremity. Cremasteric and 
abdominal reflexes were present. The diagnosis was “multiple sclerosis of predominantly, 
but not exclusively, ocular type, with bilateral retrobulbar neuritis.” 

The pupillogram showed that the dark-adapted pupils were equal at 7.6 mm. When either 
eye was stimulated by light or by darkness, the pupils reacted equally. The reflexes were 
inextensive and had the typical low-intensity shape. In contrast to the light reflexes, the 
reactions to near vision were extensive. They exceeded the most extensive light reflex by 
more than 1 mm. (Fig. 8/). This patient, therefore, showed a syndrome of pseudo-Argyll 
Robertson pupil, incomplete (page 391). 


C. Lesions in the Optic Chiasm.—The following cases are illustrative. 


Case 6-—Chromophobic adenoma of the pituitary gland with bitemporal hemianopsia. 

A 61-year-old man, who had always been in good health, noticed, two years prior to 
examination, that driving at night had become difficult. Four months before examination 
reading difficulties developed in that the letters seemed to “run together.” He did not have 
headaches or any other complaint. The neurological examination was negative. The ophthal- 
mological examination showed bitemporal hemianopsia for 1/1000 white objects. In the fundi, 
both papillae were slightly pale, with deep physiological cupping; the arteries were normal, 
and there were no crossing signs. Roentgenographically, no evidence of increased intracranial 
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pressure was found. The sella turcica was enlarged. The dorsum was thin and atrophic, and 
the tuberculum was normal. The diagnosis was chromophobic adenoma of the pituitary gland. 

The pupillogram showed low intensity reactions to light and to darkness, almost sym- 
metrical on the two sides. There was no anisocoria, and the reaction to near vision, as well 
as the sympathetic pupillary reflexes, was normal (Fig. 9A). 

Case 7.—Multiple sclerosis with amaurosis of the left eye and junction scotoma in the 
wisual field of the right eye. 

The patient, a 19-year-old girl, was in good general condition. Three weeks before she 
entered the hospital, she had pain and tearing in her left eye when looking to the right or to 
the left side. In about five days vision in her left eye became blurred, and within two more 
days she became blind in the left eye. 

Neurological examination showed the deep reflexes, particularly the ankle and patellar 
reflexes, to be overactive on both sides, more so on the right side than on the left. There was 
foot clonus on both sides. Vibration sense was diminished from the toes to the iliac crests 


on both sides. No further neurological symptoms were present. Lumbar puncture showed 
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Fig. 9.—Clinical pupillograms in cases of lesions in the optic chiasm. 

The solid line represents the right pupil; the broken line, the left pupil. The position of the 
lesions is schematically shown in 45 and B5; the visual fields, in A6 and Bé. 

A (Case 6): When either eye is stimulated by light (41, A2) or by darkness (43, A4), both 
pupils respond inextensively and with low-intensity reaction shapes. There is no anisocoria. 

B (Case 7): When the right eye is stimulated by light or by darkness (B1, B3), the pupils 
react inextensively and with low-intensity shapes. When the left eye is stimulated (B2, B4), 
the reactions are almost completely extinguished. 


the cerebrospinal fluid to contain 20 white cells per cubic millimeter, but to be otherwise normal. 
The Wassermann reaction both of the blood and of the cerebrospinal fluid was negative. 

Ophthalmological examination showed vision of 20/50 on the right side. There was no 
light perception in the left eye. Field studies showed a so-called junction scotoma in the 
right eye, indicating a lesion just anterior to the chiasm on the left side, with involvement of 
the anterior knee of the fibers which cross from the right optic nerve to the left optic tract. 
The right fundus was within normal limits. The left disc was paler and much grayer than 
the right one. 

The pupillographic records showed low intensity reactions to light and to darkness when 
the right eye was stimulated (Fig. 9 B1, B3), while the reactions were almost completely 
extinct when the left eye was stimulated (Fig. 9 B2, B4). In darkness, the pupils were equal 
and measured 7.8 mm. in diameter. The sympathetic pupillary reflexes were intact, but the 
near vision reaction could not be elicited because vision was not sufficient to perform the test 
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D. Lesions of the Optic Tract—Lesions of the optic tract with typical homony- 
mous hemianopsic field defects do not show pupillary symptoms at all if the lesion 
is limited to the posterior third of the optic tract, even when, as sometimes occurs 
in temporal lobe tumors or aneurysms, the visual field defect is extensive. 

When the anterior two-thirds of the tract is damaged, the light and darkness 
reactions of both pupils show low-intensity shapes when either eye is stimulated, 
possibly somewhat more when the stimulus is applied to one eye than when it is 
applied to the other eye. 


Case 8.—Eosinophilic adenoma of the pituitary gland with left homonymous hemianopsia. 

The patient, a 41-year-old man who had suffered from blurred vision in the right eye 
for five years, came to the hospital because he had started to “faint.” The periods of loss of 
consciousness lasted about five minutes. 

The patient’s face and extremities showed a pronounced acromegalic syndrome. Neurolog- 
ical examination revealed left central facial paresis and absence of abdominal reflexes. Ophthal- 
mological examination showed pallor of both discs and left homonymous hemianopsia. X-rays of 
the skull showed enlargement of the sella turcica and destruction of the anterior and posterior 
clinoid processes. 

The pupillary reflexes to light were inextensive and of low-intensity shape when either 
eye was stimulated (Fig. 104). There was no anisocoria, and the sympathetic pupillary reflexes 
were unimpaired. 

Case 9.—Syphilitic basal meningitis with left-sided hemianopsia and pressure to the right 
optic tract. 

The patient, a 59-year-old man, had contracted a syphilitic infection at the age of 19. He was 
treated with mercury and arsphenamine immediately after infection but had remained without 
further treatment for 35 years prior to the examination. Some days before examination he noticed 
that his left eye was almost blind. 

Neurological examination revealed increased deep reflexes on the right side, particularly the 
patellar and ankle reflexes. Slight weakness of the right lower extremity was detected by the 
retention-of-position test..° The cerebrospinal fluid showed positive Pandy and Nonne-Apelt 
reactions, 12 cells per cubic millimeter, and a dementia paralytica type of colloidal gold curve. 
Ophthalmological examination showed normal fundi and left-sided hemianopsia, the defect run- 
ning through the midline and including half of the macular fibers. 

The pupillographic examination showed that the reactions to light were inextensive and of 
low-intensity shape. The defect was slightly more pronounced when the right eye was stimu- 
lated than when the left eye was stimulated. There was no anisocoria, and the sympathetic 
pupillary reflexes were unimpaired (Fig. 10B). These pupillographic findings are indicative of 
damage to the optic tract in its anterior two-thirds. 

Case 10.—Tumor of the right parietal lobe with incongruous left homonymous hemianopsia. 

The pupillogram of this patient, a 56-year-old man with extensive field defects (Fig. 10C), 
is shown only for comparison. The pupillary reactions to light and to darkness were normal, 
since the anterior two-thirds of the optic tract was not involved in the lesion. 


E. Afferent Pathway Lesions Complicated by Sympathetic and Third Nerve 
Involvement.—As noted above, damage to the first optic neuron is rarely found 
to be pure. It is generally associated with other lesions, stemming either from the 
same disease focus or, as in cases of multiple sclerosis, multiple hemorrhages, or 


other conditions, from several independent lesions. This explains why anisocoria 
has in the past been frequently attributed to a first neuron lesion. In such cases, 


the pupillographic analysis should reveal the origin of existing pupillary syndromes. 
The following cases may serve as examples of such analysis. 

Case 11.—Aneurysm of the left imternal carotid artery, with lesions of the optic nerve, 
third nerve, and sympathetic fibers. 

The patient, a 30-year-old woman who had always been in good health, began to suffer from 
frequent headaches, which she thought to be migraine. The headaches first occurred at intervals 
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of months; then the intervals became progressively shorter, and finally the headache became 
permanent, particularly at night, preventing sleep. A year before examination, her left eyelid 
began to droop, and two days later, during which time a complete left third nerve paresis had 
developed, she suddenly lost consciousness. An aneurysm of the left internal carotid artery was 
removed. She recovered but continued to show the third nerve paralysis on the left side. Vision 
was 20/20 on the right side and 20/30 on the left side. 

Pupillographic records, taken six months after operation, showed that the lesion included 
three nerves: 1. The left pupil did not react to light at all, since the left third nerve was inter- 
rupted (Fig. 11 Al, A2). 2. The right pupil contracted to a normal extent when stimulated 
directly but responded less extensively when stimulated indirectly, through the left eye. This 
indicated damage to the left optic nerve (Fig. 11 A/, A2). 3. Impairment of the sympathetic 
fibers on the left side was revealed by the fact that the left pupil remained considerably smaller 
than the right one when the eyes were adapted to darkness, and by the greatly reduced psycho- 
sensory reflex dilation on the left side (Fig. 11 A3). 

Case 12.—Syphilis of the central nervous system with optic nerve atrophy and damage of the 
third nerve on the same side. 

The patient, a 15-year-old girl, had contracted a syphilitic infection several years before 
examination. Ophthalmological examination showed vision of 20/20 on both sides and pallor 


light 
3 


WU 


al 


light | 
ale Ban TTT 


Time in 0/ second > 


pupillary diameter in mm—> 


Fig. 10.—Clinical pupillograms in cases of lesions in the optic tract 

The right pupil is indicated by the solid line; the left pupil, by the broken line. 

A (Case 8) and B (Case 9): The pupils show inextensive reflexes of low-intensity shape 
when either eye is stimulated (4/, A2, B1, B2). The visual fields show left homonymous hemi- 
anopsia (43, B3). 

C (Case 10): The reactions to light are normal (CJ, C2), although there is an extensive 
hemianopic field defect (C3). 


of the optic disc on the left side. The arteries of the fundus were markedly constricted on the 
left side and normal on the right side. The right visual field was normal, but the left field 
showed nasal constriction. 

The pupillographic records showed that both pupils responded with low intensity reactions 
when the left eye was stimulated, while the reactions were normal in extent and shape when the , 
right eye was stimulated. A slight anisocoria existed in darkness and increased during contrac- 
tion to light, with the right pupil contracting more extensively than the left one when either 
eye was stimulated. These findings indicate that, in addition to the lesion of the left optic 
nerve, there was involvement of the left third nerve (Fig. 112). 


Case 13.—Retrobulbar neuritis of the left optic nerve, with third nerve lesion of the opposite 
side 


The patient, a 24-year-old man, awoke one morning three years before examination with 
blurred vision in the right eye. The diagnosis was retrobulbar optic neuritis. Vision recovered 
and remained normal during the next three years except that it always became blurred when he 
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felt tired. Ten days before examination his vision became blurred in the left eye, and for two 
days he had difficulty in reading. On the third day he could no longer read at all, although there 
was still light perception. 

Ophthalmological examination showed vision to be 20/20 on the right side and 20/200 on the 
left side. The visual field was normal in the right eye but showed a large central scotoma on the 
left side. The fundi were normal. 

Neurological examination showed all deep reflexes, particularly the patellar, ankle, and tri- 
ceps reflexes, to be more active on the left side than on the right side. The left lower abdominal 
reflex was absent. The left lower extremity and, to a less degree, the left upper extremity 
fatigued more readily than the corresponding right extremities. 

Pupillographic studies showed low intensity reactions to light and to darkness when the left 
eye was stimulated. A slight anisocoria was present when the eyes were adapted to darkness and 
increased during contraction to light, with the right pupil reacting less extensively and more 
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Fig. 11.—Clinical pupillograms showing lesions of the optic nerve, chiasm, or tract combined 
with additional damage to the sympathetic or parasympathetic fibers. 

The right pupil is represented by the solid line; the left pupil, by the broken line. 

A (Case 11): A combination of three lesions: 1. Owing to interruption of the left third 
nerve, the left pupil fails to constrict to light. 2. The right pupil reacts to light more extensively 
when the right (42) than when the left (.4/) eye is stimulated, thus revealing a left optic nerve 
lesion. 3. Damage to the sympathetic pupillary fibers is indicated by the facts that the left pupil 
remains smaller than the right when the eyes are adapted to darkness and that psychosensory 
reflex dilation (43) is greatly diminished on the left side. 

B (Case 12): 1. A lesion of the left optic nerve is shown by reduced reflexes to light 
and to darkness when the left eye is stimulated. 2. Damage to the left third nerve is indicated 
by dynamic contraction anisocoria, whereby the left pupil reacts less extensively than the right 
one to all stimull. 

C (Case 13): Low intensity reflexes to light and to darkness when the left eye is stimulated 
(C2, C4) indicate damage to the left optic nerve. Dynamic contraction anisocoria, with the left 
pupil contracting more extensively than the right one in all reactions, indicates a third nerve 
lesion on the right side. 

D (Case 14): 1. Damage to the left optic tract causes symmetrical low intensity reactions 
to light and to darkness when either eye is stimulated. 2. Partial destruction of the left third 
nerve is shown by inextensive, sluggish contractions of the left pupil. 3. Since the sympathetic 
pupillary fibers on the left are involved, the left pupil remains smaller than the right one when 
the eyes are adapted to darkness. 
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sluggishly than the left one (Fig. 11C). We were therefore dealing with an optic nerve condition 
on the left side and a third nerve lesion, either in the third nerve nucleus or peripheral to it, 
on the right side. 

Case 14.—Meningioma pressing against wall of cavernous sinus, third nerve, fifth nerve, 
and sympathetic fibers on the left side, with slight involvement of the left optic tract. 

The patient, a 44-year-old woman, had been suffering for 17 years from spells of pain over 
the left eye. In the course of years these spells changed to a constant pain, present day and 
night, without relief. 

Neurological examination revealed weakness of the left inferior oblique and superior rectus 
muscles, hypersensitivity of the three trigeminal pressure points, overactive deep reflexes, and 
hypoactive abdominal reflexes. Ophthalmological examination showed normal fundi and visual 
acuity on both sides. A right incongruous homonymous hemianopic defect without involvement 
of the macular fibers on either side indicated partial interruption of the left optic tract 

The pupillographic records (Fig. 11/7) revealed that three nerves were involved in the 
lesion: 1. All reactions of the left pupil were sluggish and inextensive, with a prolonged latency 
period for contraction, indicating damage to the third nerve fibers on the left side. 2, Owing 
to the condition of the optic tract, the reflexes of the right pupil to light and to darkness were 
inextensive and showed low-intensity shapes. The defect was slightly more pronounced when the 
right eye was stimulated. 3. Involvement of the sympathetic fibers on the left side was shown 
by the fact that the left pupil remained the smaller one when the eyes were adapted to darkness, 
and by reduced sympathetic (psychosensory) reflex dilation on the left side. 


SUM MARY 


AND CONCLUSIONS 
1. The dynamic structures of pupillary movements and reflexes are identical 
in man, monkeys, and cats; they differ only quantitatively. The basic forces of 
pupillary activity, innervation and relaxation of parasympathetic and sympathetic, 
are integrated at specific levels of the central and peripheral nervous system, corre- 
sponding to the different neurons of pupillary pathways. The significance of each 
factor is seen in the pupillogram and differential curves drawn from it. Pathological 
conditions show specific modifications of one or more parts of these curves. With 
the purpose of topical diagnosis in mind, pupillographic analysis was performed in 
a number of clinical cases with damage to the optic nerve, chiasm, or tract. 

2. Anisocoria does not occur in man and monkeys in cases of a lesion in the 
optic nerve, chiasm, or tract, but does occur in cats. This difference is due to the 
fact that in man and monkeys the number of crossed and the number of uncrossed 
fibers in the optic chiasm and the posterior commissure are about equal, while in 
cats the crossed fibers greatly outnumber the uncrossed fibers. 

3. (a) A symptom common to all lesions in the optic nerve, chiasm, and ante- 
rior two-thirds of the optic tract is the quantitative reduction of the pupillary 
reflexes to light and to darkness and the appearance of low intensity reactions upon 
stimulation by light of “standard” (15 f.-c.) intensity. In the pupillogram, low 
intensity reactions are characterized by an increased latency period and w or v 
shapes of the reflex to light, which is inextensive and of short duration. In the 
pupillary reflex to darkness, the first dilation phase is reduced or absent. The reflex 
to near vision is present in all lesions of the first neuron, provided that sufficient 
vision is preserved to perform the test. 

(b) In cases of incomplete lesions of one optic nerve, low intensity reactions 
of both pupils are obtained by stimulation on the side of the lesion ; fully developed 
light reflexes of both pupils are obtained by stimulation of the eye opposite the 
lesion. Reaction to near vision is present. 
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(c) In cases of lesions in the optic chiasm, stimulation of either eye will pro- 
duce low intensity reactions to light and to darkness. Depending on the site of the 
impairment within the chiasm, the defect may be more pronounced upon stimulation 
of one than of the other eye. 

(d) In cases with lesions of the anterior part of the optic tract diminished reac- 
tions to light and to darkness of both pupils occur when either eye is stimulated, 
the decrease being possibly greater when the stimulus is applied to one eye than 
to the other eye. However, this asymmetry is less common than with lesions of the 
optic chiasm., 

4+. Low intensity reactions may still be present when vision is already restored, 
as, for instance, in cases of multiple sclerosis with retrobulbar neuritis. The reverse 
relationship may be observed when pupillary reactions are partly or fully preserved 
while vision is poor. 


5. While anisocoria is not a sign inherent in impairment of the optic nerve, 


chiasm, or tract, such lesions are frequently accompanied by it. This inequality of 


the pupils is due to involvement of neighborhood structures (sympathetic or para- 
sympathetic fibers in the orbit or the cranial vault). 

6. Low intensity, or absent, light reflexes in the presence of normal reactions 
to near vision are similar to the incomplete Argyll Robertson sign. They are dis 
tinguished from it by the size of the pupil, which is large under the condition of 
darkness, by the normal shape of the low intensity reactions, by absence of aniso- 
coria, and by absence of deformation of the pupil. Therefore, afferent pathway 
lesions produce pseudo-Argyll-Robertson pupils, not the true form. 


Work in perimetric pupillography was not included in this paper. 
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T HAS long been observed that refraction of the eye shows a certain variation 

with age. The refraction of an infant, as observed by Herrnheiser,’ is on an 
average -+-2.32 D. of hypermetropia and is generally assumed to lie between +-2.00 
and -+-3.00 D. Various authors in different countries have presented studies of 
refractive errors and vision in school populations, of which the investigation made 
hy Collins, Kempf, and Jarman * may be cited as a type. It was carried out on 1,860 
school children, and all the refractions were done under homatropine cycloplegia. 
It is now established that atropine is a better cycloplegic than homatropine, and 
such studies should be carried out under atropine cycloplegia to insure complete 


relaxation of accommodation. Brown * has presented data on 1,203 persons between 


birth and 51 years of age, and the refractions were done under complete atropine 
cycloplegia. The material, however, was obtained from private practice or clinic 
and therefore cannot be regarded as an unbiased sample of the population. It was 
concluded in this study that in the average case hyperopia increased from birth to 
the end of the 7th year. From & to 14 years of age the refraction moved toward the 
myopic side at a rapid rate, and this trend continued, though at less than half the 
rate, up to the age of 20. Thereafter the amount of change was negligible. A similar 
study was later made by Slataper,* who has presented his own data, based, again, 
on patients “in private practice.” He has compared his data with those of Brown 
and found that they corroborated the findings of his predecessor. Both these studies, 
though highly laborious and praiseworthy, are really not representative of the 
general population, since the material is purely clinical in nature and as such the 
samples can be regarded as biased. Incidentally, it may be noted that the idea of 
a sample simply represents the practical truth of “taking a small part of a large bulk 
to represent the whole.” The ideal sample is a random one, in which chance alone 
decides which individuals in the population are chosen. In studies on human popula- 
tions this complete randomization in the statistical sense is often not possible, and 
the next best is to take an unselected sample, which serves the purpose. Further, 
in the study of Slataper, the change, or yearly variation, is arbitrarily calculated 
by dividing “the change in spherical equivalent of any two refractions by the number 
of years elapsed between examinations.” The average interval between the cyclo- 
plegic refractions is stated to be 5.03 years. The assumption involved in this method, 
that the yearly variation is equal to the average obtained by thus dividing the dif- 
ference in refraction by the period of interval, is questionable. However, the results 
of Brown and Slataper are in close agreement, and this may be due to the similarity 
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in the material and the method used. It is still worth noting that in spite of the 
drawbacks, as mentioned above, the general trend of variation of the refractive 
state with age as presented by these authors is not contradicted but is confirmed 
by the later, more elaborate study of Hirsch,°® in which these defects were entirely 
eliminated. Hirsch’s study represents an unselected sample of the population. The 
general conditions as regards the relaxation of accommodation and the proper meas- 
urement of refraction have been observed. The sample is large enough, and appro- 
priate statistical methods of presentation of the data are used. This study is, 
therefore, a great improvement on the previous ones. It would have been ideal if all 
the observations had been carried out by a single person. Such a condition is worth 
observing as far as possible in a study of this kind to reduce the “errors of observa- 
tion” to the minimum and make the data more uniform. 

It is a fact that ophthalmologists in research are being recently acquainted with 
statistics as a method of inquiry. It may be stated that in general the problems 
related to refraction are best suited to the application of the statistical method of 


investigation, for the simple reason that all the conditions required for the application 


of this method are satisfied here. The statistical method of inquiry is the method 
of choice where the effect or event to be studied is subject to uncontrolled variation, 
as is usually the case in all biological sciences, and the same is capable of being 
represented numerically. Needless to say, such effects are governed by a multiplicity 
of causes. Refraction is due to a multiplicity of causes with uncontrolled variation 
and is capable of being numerically studied. 

Three main steps can be considered in the application of this method. The first 
is the reduction of data consisting of several hundreds or thousands of observations. 
Here it is necessary to observe certain arbitrary rules suitable to the type of inquiry. 
Refraction of the two eyes has to be represented first in a single figure. The idea 
of spherical equivalent is important in this connection, and it is rather unfortunate 
that the workers in different countries have not followed any uniform rules in treat- 
ing their data. It would be helpful in future if certain international conventions 
were formed in the study of refraction so that the data would be more comparable 
than they are today. The second step consists in the proper representation of the 
body of data after further reducing it to a few figures from the thousands of observa- 
tions. The data then can be well presented in the form of frequency distributions, 
with means, medians, histograms, and graphs. Frequency distributions of refraction 
are known to be skewed, and the measures of central tendency, such as the mean, 
and the measures of variation, such as the standard deviation, are considered of 
limited value. However, the real way out would be to test their departures from 
“normality,” and if they depart seriously from the normal curve, the data can first be 
approximated to the “normal type” by using “transformations,” such as logarithms 
of the original values. 

The alternative procedure is to assume that, though the sample frequency dis- 
tributions of refraction are skewed, the means may show a better approximation to 
the “normal” type, and to apply the same procedures that are applied in case of the 
“normal” curve. This procedure helps us to apply all the tests that are based on the 
assumption of the curve being “normal,” a step which also is necessary. This may be 
called the third step in the application of the statistical method, after the data are 
suitably reduced and represented, viz., the application of suitable tests of significance, 
or the use of “test statistics,” as it is called, which is of great help in drawing infer- 
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ences by the actual measurement of probabilities of the question raised. The data 
presented by Hirsch are properly reduced and adequately represented. Would it 
have been better if suitable “tests” of significance were used by Hirsch, particularly 


when he appears to be following an alternative procedure, mentioned above, in the 
treatment of his data? 
PRESENT STUDY 

The ideal method for the study of the variation of refraction according to age 
would be to take an adequate and unselected sample of the population of both sexes 
and follow the same patients year after year. This is known as the longitudinal 
study and has not yet been done by anyone, for obvious reasons. The only alterna- 
tive is the cross-sectional study, or the use of an unselected sample of the population 
of each age group of each sex. The material of the present paper is drawn by the 
second method. The data consist of 1,182 refractions of an unselected sample of the 
population under study. All the refractions were done by a single observer, with 
the subjects under complete atropine cycloplegia. The sample consisted of boys and 
girls from the ages of 6 to 18. 


Tasre 1.—Mean Refraction for Ages from 6 to 18 Years 


No. of Mean Standard 
Pupils Refraction, D. Deviation 


+ 1.46 1.2977 
+ 1.23 1.2012 
+ 1.09 1.0112 
+ 1.02 0.3684 
+ 0.97 1.0090 
1.0128 
0.9780 
1.1643 
1.0861 
1.0583 
1.1572 
1.2841 
1.3748 


As the study was restricted to the city of Poona, and particularly to its school 
population, the sample studied can be fairly called homogeneous on the basis of 
similar environmental factors, such as education, professions, dietary habits, and 
economic status. The examination consisted of a total refraction or skiascopy under 
complete atropine cycloplegia with estimations of vision, height, weight, and fundus 
picture. As there is no standard of evaluating the results of refraction, the method 
followed here is one used by Sorsby® in the presentation of the data on Jewish 
children. Thus, the spherical equivalents of the results of the atropine refractions 
were taken by making due allowance for the distance and taking the lower hyper- 
metropic axis as a determining factor. In cases of unequal refractions in the two 
eyes the lower hypermetropic values determined the group to which the subject 
belonged. In cases of mixed astigmatism the myopic axis was taken as a determin- 
ing factor, and the compound astigmatism was grouped according to the lower 
hypermetropic axis. 

The total sample of 1,182 subjects showed refractions ranging from +6.00 to 

6.00 D. of myopia. Subjects with refractions above —6.00 D. were not included 
in the study. Since the frequency distributions of refractions are known to be posi- 
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tively skewed on the myopic side, and since the degree of refraction above —6,.00 D. 
can be regarded as nonvariational in nature, or as a limit of physiological variation, 
it is desirable to exclude them from the study of mean refractions. 

Table 1 presents the means of refractions for different ages, irrespective of sex, 
with the number of observations in each age group. Standard deviations are included, 
to show the intragroup variations. Chart 1 shows this relationship between age 
and refraction more clearly. 

The standard deviations for any two age groups do not differ significantly from 
each other, indicating that intragroup variation is of the same order in all the age 
groups; in other words, the spread of refractions about the mean in different age 
groups is fairly constant. 

It will be seen that the average value of refraction steadily decreases from the 
age of 6 to the age of 18. With a view to bringing out more clearly the variation 


For Moles 
Combined 
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Chart 1.—Relation of age and refraction. Values for males are indicated by the line of 
dashes; values for females, by the line of dots, and the combined values by the solid line. 


in the average refraction at different ages, percentages have been arrived at by tak- 
ing +1.00 D. as a fixed point and working out the percentages of subjects having 
refractions greater or less than +-1.00 D. It was observed that at the age of 6 years 
the percentage of subjects whose refraction was less than +-1.00 D. was 25 and that 
the figure was increased to 86.16% at the age of 18 years. The percentage of sub- 
. jects whose refraction was greater than +-1.00 D., or on the hypermetropic side, 
was 50 at the age of 6 and decreased to 4.55% at the age of 18. It will thus be clear 
that the hypermetropia steadily decreases with the increase in age, or the trend 
toward myopia is on the increase with advancing age up to 18. It was not possible 
to observe further age groups. Only 19 subjects could be studied at the age of 19, 
and the average refraction was —-0.26 D. From a comparison of the averages at the 
ages of 18 and 19, it may be inferred that the tendency of the refractive state appears 
to be toward stabilization from the age of 19. The observation of the other workers 
is, however, that the change in refraction comes to an end at about the age of 20. 
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Hirsch has brought out the fact that the rate of development of refraction differs 
with the individual subject. The change toward myopia in most of the subjects is 
supposed to be small, and a comparatively greater change to the myopic side in a 
smaller percentage is believed to be responsible for the myopic tail in the curve for 
adults. Nonvariability of the standard deviations for the different ages in these 
data is only suggestive that the spread of refractions about the means is constant 
for all ages. The majority of the subjects are known to undergo a smaller change, 
while few change more decidedly, though it is not possible to demonstrate this fact 
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Chart 2.—Frequency distribution of refractions for the two age groups of 6 to 12 years and 
12 to 18 years. Values for the former are indicated by the solid rectangles; those for the latter, 
by the clear rectangles. 
without details regarding the groups with different refraction ranges followed from 
year to year, and for such a study this sample is not large enough. 

Table 1 does not show the sex difference in refraction. This difference may be 
examined in two ways. As the range of ages, from 6 to 18 years, is large, the sample 
is divided into two age groups, 6 to 12 and 12 to 18. The age of 12 years can be 


taken as an important landmark in the development of body growth, as it can be 


assumed that it is at about this age that the factors of puberty come into operation. 
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This assumption is made with a view to making possible a division of the subjects 
into two groups, in one of which the majority will be nonpubescent, while in the 
other the majority will be pubescent. Thus, the first division of the age group of 
6 to 12 years consists of 590 subjects, of which 162 are boys and 428 are girls. The 
second age group, of 12 to 18 years, consists of 335 boys and 257 girls, making a 
total of 592. The frequency distributions of refraction for the two age groups, of 590 
and 592 subjects, are represented in Chart 2 in the form of histograms. 

The means of the two frequency distributions are +-1.00 and +-0.19 D., respec- 
tively. The modes of the two distributions are +O0.82 and +-0.30 D., respectively. 
Here is additional evidence that the mean refraction below the age ot 12 markedly 
decreases with the increase in age. It will be seen that the difference in the two 
means is 0.81 D. To find out whether this difference of 0.81 D. between the means 
for the two age groups is statistically significant, the ¢ test was applied. The value 
of f was found to be 13.1280, with degrees of freedom as infinity. By referring to 
the tables, the value of P (probability) will be found to be greater than 0.01, or 
highly significant. 

It can be seen from Chart 2 how the mode is shifted toward the myopic side in 
the higher age group. It can also be noted that the subjects with refractions on the 


TaAsLe 2.—Comparison of Means for Males and Iemales in the Two Age Groups 


Mean Refraction 
Diff. in 
Age Group, Yr Males Females Means t 


0.9% 1.01 0.02 0.2132 NS * 
0.23 0.13 0.10 0.0953 NS 


* NS means not significant. 


myopic side are greater in number in the higher age group than in the lower. Thus, 
the general trend toward myopia as the age advances from 6 to 18 is well brought 
out. 

To find out the differences according to sex in these two age groups, percentage 
frequency distributions of refractions for males and females have been calculated. 
From the percentage frequency distribuitons of refraction for males and females 
in each age group, the means of refraction for males and females in the two age 
groups were calculated. Table 2 gives the means for males and females for each 
age group with the difference in their means. 

It will be observed that the differences in the means of refractions for males 
and females in both the age groups are nonsignificant, indicating that there is no 
statistically significant difference in the means of refraction for males and females 
before and after the factors of puberty come into operation. This comparison of the 
means only indicates the general trend of the two groups, and it is not possible to 
say what would happen if groups of males and females with different refraction 
ranges were followed year after year. 

This method of comparison of the means in the two age groups, of 6 to 12 years 
and 12 to 18 years, also does not give an idea as to what happens at each age. It was, 
therefore, necessary to calculate the mean refraction for males and females at each 


age from 6 to 18. These data are presented in Table 3. The same data are graphi- 


cally represented in Chart 1, in which the combined curve, together with the curves 
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for males and females, is given. In Table 3 it will be seen that, along with the differ- 
ence in the means of refractions for males and females at each age, the standard 
error of the difference and the value of t with degrees of freedom are also given. It 
will be observed that the value of ¢ is not significant at any age except 12, indicating 
that, so far as refraction is concerned, from the ages of 6 to 18, except 12, which 
is an important age in the developmental evolution of the refractive state, the differ- 
ences in sex are not real, but are possibly due to chance alone. 

Hirsch has presented means for males and females but has not applied any test 
of significance, possibly for the reason that the original sample distribution is anor- 
mal. However, he has made statements regarding the reality or otherwise of the 
differences which are rather confusing. The following quotations * appear to be 
indicative of this confusion. 

“The average differences, however, while clearly real, are not of great magni- 
tude.” In the same paragraph, he proceeds, “While this difference is probably real, 
it is so small as to be of no practical importance in establishing ‘norms’ for the 


Tasie 3.—Mean Refraction in Males and lemales at Each Age from 6 to 18 Years 


Males Females Degrees 
Age, No. of Mean No. of Mean Diff. in S.E. of of 
Yr Males Refraction Females Refraction Means Difference Freedom t 
6 $ 1.19 27 1.59 0.40 04391 38 0.9109 NS * 
7 2 1,20 a] 1.24 0.04 03026 78 0.1321 NS 
il O89 67 1,21 0.32 0.1900 106 1.6080 NS 
” 1.00 67 1.04 0.04 0.1803 101 0.2218 NS 
10 32 1.06 77 0.95 O11 0.2129 107 0.5166 NS 


0.77 0.77 0 0.3087 0000 
0.97 2.1144 
13 0.21 0.39 0.18 0.2384 0.7050 NS 


2081 


73 OAl 018 0.23 0.1989 121 1.1504 NS 
O° 1068 0.2541 
2716 0.9573 
17 43 0.10 33 0.52 042 0.2953 74 1.4223 NS 
0.21 042 


O05 


0.05 0.26 


OASTS 0.9600 NS 


* Not significant, 
t Significant 


various ages.” This statement shows that he also feels that these differences may 
not have any significance and need not be considered in the establishment of the 
“norms.” 

It may be stated, incidentally, that from the comparison of the means and medians 
at different ages he seems to hold the opinion that the curve of refraction will be 
symmetrical at the age of 10, since these two measures coincide then. Is it not neces- 
sary to demonstrate that the mode also coincides with the median and the mean, 
as well as show the absence of skewness, to call the curve symmetrical or “normal” ? 

Hirsch has given percentiles of refractions in boys and girls to describe the 
variation, instead of using standard deviations. No doubt, percentiles are more 
meaningful in the study of the groups with different degrees of refraction, and the 
change with age in these various groups is better understood. However, it should 
be noted that the percentiles, though sufficiently descriptive of the variation, do not 
in themselves help one to understand whether the differences obtained are real or are 
only a matter of chance. Thus, it is shown in his data that there are more hyperopes 


* Hirsch,® p. 450. 
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among girls at earlier ages and more myopes in the age range of 11 to 12 in the 
same sex. These differences tend to disappear at the higher ages. In the present 
study the differences in the means for boys and girls as tested by the ¢ test appear 
to be due to chance alone, and are not real. However, it may be noted that the 
means for girls are more hypermetropic than those for boys until the age of about 9, 
as in Hirsch’s data, a finding which is indicative of more hyperopes in girls than in 
boys at those ages. The other significant observation by Hirsch is the greater num- 
ber of myopes in girls at the age range of 11 to 12 years. It is interesting to note 
that in these data, also, the mean for girls at the age of 12 is less hyperopic, or 
more myopic, and the difference in the means at this age only is statistically sig- 
nificant, a finding which is sufficiently indicative of the greater number of myopes 
among girls at this age than among boys. The probability is greater than 0.05, 
as can be seen from the column of ¢ values, thus indicating that at this age more 
girls are likely to be myopic than boys. Though it is not possible to examine the 
groups with different refraction ranges at this age to corroborate the indication 
of the significant ¢ test, owing to the small numbers of males and females, percentages 
with refractions greater and less than +-1.00 D. are calculated for the boys and 
girls at the age of 12. It is noteworthy that the percentage of boys with refractions 
less than +-1.00 D. is 42.8, while the percentage of girls with refraction less than 
+1.00 D. is 60.47. This indicates clearly that more girls than boys are myopic at this 
age, as is demonstrated by the ¢ test. 

As these data are not large enough to permit examination of what happens to 
boys and girls with various degrees of refraction at different ages, the other method 
of examining the sex differences in refraction, as followed by Hirsch, could not be 
followed here. It may be stated that the results in general are not contradictory. 
They are confirmatory as regards the general trend of the refractive state with age 
and the nonsignificance of the differences in means for the two sexes for practical 
purposes. Whatever differences are obtained at the earlier ages are also shown 
by him to tend to disappear at the later ages, as is demonstrated by the nonsignificant 
means at later ages in these data. The higher incidence of myopes in girls at the 
age range of 11 to 12, as pointed out by Hirsch, is an observation worth following 
further in view of the factors of puberty which come into operation in girls at that 
age. This observation is also corroborated in this study if the means for males and 
females at the age of 12 are taken into consideration. 


SUMMARY 


A cross-sectional study of refraction for the age group of 6 to 18 is presented 
in a total unselected sample of 1,182 school subjects of either sex. The hyper- 
metropia at the age of 6 years is shown to change toward myopic refraction with the 
increase in age. This observation is similar to that of other investigators in the 
field. The data are also treated to find out the sex difference in refraction by cal- 
culating the means for boys and for girls and testing the differences in the means 
by the ¢ test. The differences in the means are found to be due only to chance, and 
not real, except at the age of 12, for which they are significant. The results are dis- 
cussed in comparison with those of Hirsch, and the general agreement is shown as 
regards the downward trend of refraction with age and the nonsignificance of the 
differences in the means for the two sexes for practical purposes in establishing 
“norms.” The prevalence of a greater number of hyperopes in girls at the lower 
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ages and a greater number of myopes at the age of 12 in the same sex are observa- 


tions of Hirsch which also appear to be indicated from the present sample study 


of the means, though the data here are inadequate to permit us to follow the method 
of percentile studies, as he has done. 


Sadashiv Peth, Laxmi Rd. (2). 
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GEIGER COUNTER PROBE FOR DIAGNOSIS AND LOCALIZATION 
OF POSTERIOR INTRAOCULAR TUMORS 


CHARLES |. THOMAS, M.D. 


JACK S. KROHMER, M.A. 
AND 

JOHN P. STORAASLI, M.D. 

CLEVELAND 


ae THE original report,' in 1952, on the localization of intraocular tumors 
by the use of radioactive phosphorus, we have been well aware of the limitations 
of this procedure when dealing with tumors in the posterior portion of the eyeball. 
Some criticism has been directed along these lines in minimizing the diagnostic value 
of the counting procedure because the posterior segment could not be satisfactorily 
reached by our present methods. 

To facilitate accurate measurements in the posterior segment, we made attempts 
to construct a scintillation counter, which were successful to some extent; but im 
general the results were not stable, as leakage was a factor always to be contended 
with in using this type of counter. 

We felt that the best approach to this problem was the Geiger counter if one 
could be constructed in a curved fashion so that the posterior part of the eye could 
be accurately examined. 

This problem was presented to Anton Electronic Laboratories, Inc., and with 
their diligent assistance such a counter was constructed. The probe can be sterilized 
so that aseptic technique can be carried out in opening the conjunctiva and Tenon’s 
capsule when applying the counter to the posterior portion of the globe. 

Preliminary studies have been done on laboratory animals, and limited clinical 
application of the instrument has proved it to be entirely satisfactory. This was 
to be expected, as it functions on the same principles as the other counting probes 
we have recommended. 

Figure 1 * shows the counter constructed by Anton Laboratories. 

In Figure 2, a and / are diagrammatic sketches of the eyeball with the counting 
probe against the sclera adjacent to a tumor in the extreme posterior portion of 
the globe. 

We advise the use of this probe in cases of suspected tumors located behind the 
equator of the eyeball. 

REFERENCE 


1. Thomas, C. I.; Krohmer, J. S., and Storaasli, J. P.: Detection of Intraocular Tumors 
with Radioactive Phosphorus, with Special Reference to Differentiation of Cause of Retinal 


Separation, A. M. A. Arch. Ophth. 47:276-28 (March) 1952; correction 48:126 (July) 1952 


. This research was supported in part by a Federal Security Agency Public Health Service 
Grant, and performed in part under AEC contract No. W-31-109-eng-78 

From the Department of Surgery, Division of Ophthalmology, and the Department. of 
Radiology, Western Reserve University School of Medicine and University Hospitals 


* Model 225 made by Anton Electronic Laboratories, Ine., 1226-1228 Flushing Ave., 
Brooklyn 6. 
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Fig. 1.—Geiger counter probe used for measurements in posterior portion of eye. 


Fig. 2.-(a) Diagrammatic sketch (four-fifths actual size) of probe against posterior surface 


of eyeball; (b) enlargement of a, showing probe adjacent to posterior intraocular tumor. 
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CONGENITAL MALFORMATIONS OF CORNEA ASSOCIATED WITH EMBRYONIC 
ARREST OF ECTODERMAL AND MESODERMAL STRUCTURES 


1. Congenital Myxofibroma of Cornea 


Il. Congenital Staphyloma of Cornea 


SPRINZA WEIZENBLATT, M.D. 
ASHEVILLE, N. C. 


C INGENITAL corneal staphyloma and congenital corneal fibroma or myxo 
fibroma are not common; of the latter only one case has been reported, that 
by Musial.’ 

The etiology and genesis of these malformations are unknown. The seemingly 
divergent views of those who assume a fetal inflammation and those who believe a 
malformation to be the cause become resolved by the increasing evidence of a close 
relationship of early fetal diseases (infections) to malformations. 


REPORT 


OF CASES 


Cast 1.—P. L. A., a female infant, born at term, was seen Oct. 31, 1940, at age of 10 days 
because of the abnormal appearance of the right eye, present since birth. There was no discharge 
or inflammatory symptoms of the lids or eyeball. The mother had been well during pregnancy ; 
serology was negative. There were no malformations in the family. The child was normal 
except for the right eye, which protruded between the lids. The region of the cornea was very 
prominent and grayish-red, with a crescent of cloudy cornea at the limbus. The left eye was 
normal. 


During the next six months the corneal mass enlarged; its surface was irregular, with fissures 
and clefts nasally. A 3 mm. gray crescent of corneal tissue was present at the limbus. Deeper 
parts of the eye were not visible. Tension (digital) was increased. The eye was enucleated on 
April 8, 1941. 

Gross Examination.—The eye measured 27 by 20 by 19 mm. The elevated portion was sur- 
rounded by an opaque corneal ring. When the eye was opened, it was noted that the lens was 
adherent to the temporal part of the cornea (resistance felt with needle ). 


Microscopic Study.—A tumor mass, measuring 13 mm. horizontally, 4.75 mm. sagittally, and 

97 mm. vertically, arose steeply from a ring of cornea, Its surface was uneven, with ridges in 

the upper and clefts in the nasal part (Fig. 1). It was covered with keratinized stratified epi- 

thelium and consisted of star-shaped cells with oval and spindle-shaped nuclei; the processes 

of the cells formed a fibrillary network, with scant ground substance (Figs. 2 and 3). A narrow 

’ convex band of connective tissue with spindle-shaped nuclei arranged parallel to the surface was 
noted in the middle, as though it were a continuation of the corneal ring. Posteriorly, mucoid 

degeneration of this tissue formed a cystic space, which was oval, measured 8 mm. horizontally, 


6.5 mm. sagittally, and 3.0 mm. vertically, and was lined with pigment epithelium (Fig. 5). 
Posteriorly it was bounded by the cornea and opened in the region of the corneal defect into the 
posterior chamber. The numerous capillaries of the anterior zone of the mass, with a few round 
cells near them, were arranged vertically to the surface. The larger vessels in the intermediate 
and posterior zones coursed horizontally. Where this mass abutted on the corneal ring it bulged 
in mushroom-like fashion; its epithelium continued between the two for some distance; on 
these spurs there was a basal-cell layer on the anterior and posterior aspects (Fig. 2). The 
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cornea was a flat diaphragm with a central, nearly round defect, 5.4 mm. in diameter, of all its 
layers. The temporal part was 5.8 mm., and the nasal 4.2 mm., wide: except for a narrow ring 


at the limbus, it was covered by the myxofibromatous mass; the central part jutted into the cystic 


space. The epithelium of the corneal ring was normal; Bowman's membrane continued under 


the epithelial spurs. The substantia propria was normal, with a few wandering cells and capil- 


laries; where it adjoined the mass the lamellae fanned out in an upward direction. Descemet's 


membrane and endothelium were present, extending beyond the limbus posteriorly. Corresponding 


Fig. 1 (Ace. #73363, A. F. I. P., P. No. 53-9299).—Tumor mass covering flat cornea; mucoid 
degeneration of its posterior third. Iris with ciliary processes in apposition with cornea. * 5 
Fig. 2 (Acc. #73363, A. F. 1. P., P. No. 53-8592) 


Junction of tumorous mass with cornea 
and epithelial spurs. 48. 


to the central defect of the cornea a concentric, larger defect of Descemet’s membrane and 


the endothelium was visible. The iris was 0.035 mm. thick; its stroma was dense, without 
chromatophores ; the posterior surface was lined by the pigmented and a layer of unpigmented 
epithelium (Fig. 4). Only in a narrow zone adjacent to the corneal defect were both epithelial 
layers pigmented, A band of smooth muscle tissue was visible in the iris corresponding to the 
pupillary area. Numerous ciliary processes, varying from 0.28 to 0.17 mm. in length and 0.04 mm 
thick, arose from the posterior surface of the iris 
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dermal vascular core and were lined, as was the iris, by the pigmented and the unpigmented 
epithelium, the cells of which were cylindrical. At the tips of the ciliary processes the unpigmented 
epithelium was often proliferated in the form of rings and cysts. The iris was in contact with 
the cornea, except for a capillary space in the periphery of a few sections. No canal of Schlemm 
or scleral spur was present. At the rim of the corneal defect the iris swung around and covered 
the anterior surface of the corneal stubs. From the pigmented epithelium lining the cystic space 


and the iris on the anterior surface of the corneal stubs ciliary processes originated, radiating 


4 


Fig. 3 (Acc. #73363, A. F. I. P., P. No. 53-9209).—Tissue of myxofibroma composed of 
spindle- and star-shaped cells with scanty ground substance. « 160 

Fig. 4 (Acc. #73263, A. F. 1. P.. P. No. 53-8582).—Cellular, narrow iris mesoderm in contact 
with Descemet’s membrane and endothelium. Absence of pigmentation on posterior epithelium of 
iris, Ciliary process on posterior iris surface with cyst formation. % 160. 


toward the lens, which partly filled this space; some processes consisted only of pigmented 
epithelium, while those in the temporal part contained a club-shaped mesodermal vascular core 
and nonstriated muscle tissue. Amorphous, blue-staining particles, surrounded by round cells, 
macrophages, and foreign body giant cells, were noted in the processes which adhered to the 
lens. The lens measured 4.34 mm. at the equator and 1.72 mm. between the poles; the nuclear 


bow was visible; temporal to the anterior pole was an indentation of the anterior surface and a 
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break of the anterior capsule, with proliferation of the capsular epithelium. Here three ciliary 


processes adhered to the lens (Fig. 5). Zonular fibers reached the equator of the lens through 
the corneal defect 

On the posterior surface of the iris many islands of retinal tissue were visible between the 
ciliary processes. The largest was 0.63 mm. long and 0.6 mm. thick, and they were more 
numerous anterior to the limbus. In structure they were similar to the retina near the ora 


serrata; they consisted of two nuclear layers, separated by a narrow plexiform layer, with a 


Fig. 5 (Ace. #73363, A. F. 1. P., P. No. 53-9302).—Tumor mass with zone of condensation 
and cystic degeneration. Cystic space lined with pigment; ciliary processes adherent to lens. * 5 

Fig. 6 (Ace. #73363, A. F. 1. P., P. No. 53-8590).—Corneal periphery with two retinal islands 
on posterior surface of iris. They consist of two nuclear layers, a plexiform layer and a nerve 
fiber layer. * 75. 


nerve fiber layer lying interiorly and an external and an internal limiting membrane (Fig. 6). 
An island of retinal tissue lined partly a ciliary process, replacing the unpigmented epithelium 
(Fig. 7). No corona ciliaris was present. The pars plana was narrow, with the unpigmented 
ciliary epithelium often arranged in two layers. The pigmented epithelium of the retina was 
normal except for some proliferation in the periphery, with a few colloid bodies. 
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The retina reached far forward, particularly on the temporal side, where in many sections 
it was on a plane with the limbus; on the nasal side it was 1.5 mm. behind the limbus. The retina 
was atrophic in its inner layers, with extensive cystoid degeneration at the periphery. On the 
internal limiting membrane a few nodules of glial tissue were visible, protruding into the 
vitreous space. The optic nerve was deeply excavated; the lamina cribrosa was depressed. 


The ciliary muscle was spindle-shaped and very elongated. Its meridional fibers abutted 


against the sclera, and the radial fibers were bounded interiorly by the pigment epithelium of the 


retina. The ciliary muscle originated posterior to the ora serrata (Fig. 8). The sclera was thin, 
measuring 0.21 mm. at the limbus and 0.35 mm, posteriorly. The choroid was normal. 


Fig. 7 (Acc. #73363, A. F. I. P., P. No. 53-8579).—Retinal island on ciliary process; ora 
at left. 75. 

Fig. 8 (Acc. #73363, A. F. I. P., P. No. 53-8576).—Origin of ciliary muscle posterior to ora 
serrata; colloid bodies at point of origin. * 48. 


Case 2.—A. R., a 5-year-old boy, blind since birth, was examined in January, 1944. He was 
born at term; delivery was spontaneous. There was no discharge from the eyes at birth. The 
right eye was enlarged, and both were cloudy. No other member of the family had abnormal 
eyes. The mother had been well during pregnancy; serology was negative. The child's right eye 
had increased in size since birth. 

Clinical Findings.—The right eye protruded between the lids. The sclera was bluish-red and 
ectatic in the upper and temporal part adjoining the limbus. A gray ring of cornea was present 
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at the limbus, and from it arose a cherry-like formation with its apex decentered downward. 
Deeper parts of the eye were not visible. Tension was 34-. The eye was amaurotic. 


The left eye was microphthalmic; the cornea was cloudy, with a central opacity of the deep 


layers. The anterior chamber was shallow; a gray tissue strand connected the pupillary part 
of the iris and the lens with the corneal opacity. Deeper parts could not be seen. Tension was 
normal; light perception was present. 

The right eye was removed on Feb. 16, 1944. The eye measured 35 by 24 by 24 mm.; the 
staphyloma was 13 mm. in height, with a deep furrow around it. An extensive ectasia 
visible on the upper and temporal side of the limbus (Fig. 9) 


Was 


Vicroscopic Examination.—Corneal crescents were present at the limbus. Over these the 
epithelium was normal; in the temporal 


and upper crescent Bowman's membrane was present 


LIb6G 


lig. 9 (Acc. #105967, A. F. I. P. P. No 
53-9316).—Peripheral section of staphyloma 
with elongated ciliary processes on its pos- 
terior surface Left: remnant of anterior 
chamber ; ciliary processes on free iris. Scle- 
ral ectasia x2 


lig. 10 (Ace. #105967, A. F. J. P., P. No. 
53-8603 ).--Elongated, atrophic ciliary proc- 
ess on posterior surface of staphyloma; pro- 
liferation of unpigmented epithelium at its 
tip. 48 


Ihe substantia propria showed a lamellar structure, somewhat irregular nasally, with looping 
of the lamellae toward the margin of the staphyloma; posteriorly it jutted knee-like into the 
posterior chamber. The posterior surface of the corneal remnants was lined with Descemet’s 
membrane and endothelium, reaching far back on the nasal side, with branching at its anterior 


end and localized thickenings. The endothelium was edematous and contained some pigment ; 
arising from it were nodules of fibrillary tissue with elongated nuclei. 

The staphyloma varied from 0.18 to 2 mm. in thickness; it was covered by epidermalized, 
hypertrophic epithelium with many rete pegs. Bowman's membrane was not visible; beneath . 
the epithelium a layer of fibroblastic tissue with numerous capillaries was present, surrounded 
by lymphocytes and plasma cells. The staphyloma wall consisted of irregular, partly hyalinized, 
thick lamellae; its posterior layers stained poorly and were without lamellar structures. Inter- 
spersed among them were pigment and amorphous particles, and calcific flecks were scattered 
throughout the staphyloma wall. Few vessels were present in the staphyloma, and no inflam- 
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matory cells were visible. Descemet's membrane was absent except for a few islands in the nasal 
half. The posterior surface of the staphyloma was lined with pigment, representing the atrophic 
iris and missing in some areas. 

From the posterior surface of the staphyloma numerous ciliary processes arose, which varied 
in length from 1 to 5.5 mm.; their thickness averaged 0.07 mm.; some fused and bridged over 
part of the posterior chamber. Corresponding to the pupillary area the ciliary processes became 
shorter and fewer. They were composed of a thin mesodermal, often hyalinized, core with a 
central vessel and were lined by a layer of pigmented and unpigmented epithelial cells. The 
latter were often proliferated at the tip, forming rings and cysts (Fig. 10). 

In the periphery the iris was free, with a narrow, dense mesoderm, without chromatophores. 
Its anterior surface was lined with a glass membrane and endothelium continuous with that of 
the corneal remnants, with a few plaques of fibrillary tissue arising from the endothelium. A 
layer of pigmented and a layer of unpigmented cylindrical epithelial cells formed the posterior 
boundary of the iris (Fig. 11). From its posterior surface arose ciliary processes of varying 
size and shape; in most sections they numbered three to seven and were less numerous in the 
area corresponding to the pupil. They consisted of a mesodermal vascular core and were lined 
with a pigmented and an unpigmented cylindrical epithelial layer; proliferations of the unpig- 
mented epithelium were seen at the tips of some of them. Between the ciliary processes islands 
of retinal tissue were present, consisting of hypertrophied glial tissue and a narrow nuclear zone 
The nuclei were either small, round, and arranged as wavy bands or elongated, situated at the 
base of the retinal islands, and apparently forming the continuation of the unpigmented epi- 
thelium of the iris. Some formed rosettes; others were arranged radially around a cystic space, 
bordered by a limiting membrane (Figs. 12 and 13). There was no ciliary body present. 

The temporal, free part of the iris and the crescent of corneal tissue enclosed a remnant of 
anterior chamber which was 6.2 mm. long and 2.2 mm. deep in the periphery and became smaller 
and shallower in the region corresponding to the pupillary area. There was no trabecular mesh- 
work in the angle of the anterior chamber. The nasal remnant of the anterior chamber was of 
capillary dimension and was filled with blood. No canal of Schlemm or scleral spur was present 


The lens was visible near the posterior surface of the staphyloma temporal to the center. 
In the equatorial region it consisted of the anterior and posterior capsules with a few decom- 
posed lens fibers, round cells, and macrophages. The central part of the lens was cataractous 
and calcified, with a break of the anterior capsule near the pole, and was herniated into the 
staphyloma wall, which was here very attenuated. The epithelium of the staphyloma was in 
contact with the lens, with blood and pigment near the lens substance. A band of smooth muscl 
tissue surrounded the sides of the lens and extended for a short distance along the staphyloma 
wall. A layer of pigmented cells adjoined the lens posteriorly, and accumulations of round 
cells and macrophages were present between the lens and the band of muscle tissue. Zonula fibers 
arose from the tips and valleys of the ciliary processes. 

The sclera was thin, averaging 0.28 mm. anteriorly and 0.88 mm. posteriorly, with an 
extensive ectasia above and temporal to the limbus. Its inner surface was lined by gliosed retinal 
tissue, with comb-like projections toward the vitreous space, or was bridged over by ciliary 
processes 

The ciliary muscle was very elongated and spindle-shaped. Temporally it originated from the 
sclera posterior to the ectasia; nasally, behind the ora. It consisted of meridional fibers adjacent 
to the sclera, and its radial fibers abutted against the retina; here the retinal pigment epithelium 
was proliferated and colioid bodies were present. The vitreous chamber contained blood and 
pigment. 

The retina originated on a plane with the limbus; temporally this was less evident because 
of its atrophy in the region of the scleral ectasia. The inner layers of the retina were atrophic 
and gliosed; near the optic nerve the outer nuclear layer and the pigment epithelium were missing 
The inner retinal surface was irregular because of the prolapse of glial tissue in the form of 
festoons and turf-like masses, which doubled the over-all thickness of the retina. 

The optic dise was deeply excavated ; the cup was lined and bridged over by glial tissue. The 
lamina cribrosa was depressed and thickened. The choroid was atrophic 
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Fig. 11 (Ace, #105967, A. F. 1. P., P. No. 53-8555) 
mesoderm, absence of pigmentation on posterior epithelial layer. Ciliary processes on posterior 


ree iris in periphery, narrow cellular 


surtace. Canal of Schlemm, scleral spur, and trabecular meshwork missing. * 75 


Fig. 12 (Ace. #105967, A. F. I. P., P. No. 53-8605).—Retinal island on posterior surface of 
iris between ciliary processes, with nuclei arranged around cystic spaces. * 48 
Fig. 13 (Acc. #105967, A. F. 1. P., P. No. 53-8663).—Retinal island on a level with posterior 


end of Descemet’s membrane and angle of anterior chamber. Nuclei with outer limbs arranged 
radially to a cystic space. « 160 
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COMMENT AND CONCLUSIONS 

These two cases, dissimilar in appearance of their corneal pathology, have in 
common numerous developmental aberrations of the anterior segment of the eve. 

In Case 1 there was a mass of myxofibromatous tissue covering the flat cornea, 
with mucoid degeneration of its posterior portion. It had characteristics of embry- 
onal tissue and was very similar to the tissue of the umbilical cord of the newborn. 
With the Mallory anilin-blue stain collagenous fibers were demonstrated, such as 
appear in the cornea of the 24-mm. embryo, and the mucicarmine reaction was 
positive, 

The considerable growth of this tissue during the six months of clinical observa- 
tion and the absence of inflammation are characteristic of a tumor; however, it has 


to be considered that embryonic restitutions of defects with overgrowth do occur. 


14 


Fig. 14—Normal eye of embryo, third month. Iris with ciliary processes; posterior epithelial 
layer of iris unpigmented. « 44. Courtesy of Dr. A. FE. Maumence 


In the congenital fibroma of the cornea reported by Musial ' only a piece of the tumor 
was removed, and its microscopic appearance was strikingly similar to that in this 
case. 

The central defect of all corneal layers, as well as the absence of corneal curvature, 
bespoke the early onset of the developmental arrest. According to Fischer,’ the 16 to 
21 mm. stage is important for the corneal development and its curvature, both being 
influenced by the lens, which presses against it. Because the lens was situated in the 
cystic space of the tumor mass anterior to the corneal diaphragm, such an influence 
was absent. 

The microphakia and the partial adherence of the ciliary processes to the equator 
represent arrests of development at the end of the third and the beginning of the 
fourth month of embryonic life. 


423 


~ 
> 
an 
4 
i a? 


Vi IROHIVES OF OPHTHALMOLOGY) 


In Case 2 there was absence of the posterior corneal layers in the staphyloma: 


this was common to all other cases reported in the literature. 

In both cases the iris was embryonal in appearance, corresponding to the third 
month of development—namely, narrow, cellular mesoderm without chromatophores, 
absence of pigmentation of the posterior epithelial layer, and presence of ciliary 
processes on the posterior surface (Fig. 14). 

The corona ciliaris was absent ; so was the scleral spur and the canal of Schlemm ; 
all these structures develop at the third month. 

The ora serrata reached to near the limbus and was farther forward on the 
temporal side in Case 1, a condition which is a reversal of the normal. The ciliary 
musele arose behind the ora. These are developmental arrests corresponding to the 
third month of embryonic life. 

(On the posterior iris surface and on a ciliary process islands of retinal tissue were 
present; some were scallops of the ora, as evidenced by serial sections; it is note- 
worthy that they existed on the nasal and temporal sides, though normally the 
temporal retinal margin is smooth or wavy. 

The majority of the retinal islands originated in /oco from the unpigmented iris 
epithelium, which is primitive retina of the third embryonic month; they formed 
because of abnormal growth impulses. 

In some cases of congenital corneal staphylomas the anterior position of the ora 
has been observed previously; in others, an abnormal origin of the ciliary muscle, 
and in Kruckow’'s * and Coats’s * cases there were, furthermore, ciliary processes on 
part of the posterior surface of the staphyloma. These authors explained the abnor- 
mal topography as caused by anterior displacement of the ciliary processes and the 
anterior retinal margin, due to traction by the expanding corneal staphyloma. ‘This 
runs counter to our knowledge of ocular embryology. The ciliary processes on the 
iris in those cases and in the new ones reported here are a normal occurrence in 
the embryo of the third month; so is the position of the ora near the limbus, with the 
ciliary muscle behind it. 

Because of the position of the lens and the lack of corneal curvature in Case 1, 
arrest of the development is to be postulated at the 12 to 16 mm. stage; for Case 2, 
at the 20 to 24 mm, stage. 

How can these early dates of arrest in the corneal development be reconciled 
with arrests in tissues identified with the 70 to 100 mm. stage? As the cornea forms 
through dependent differentiation from the optic cup, a normal optic cup ts necessary 
for a normal cornea. [f an aberration principally of its margin exists, corneal abnor 
malities will result. Depending on the time of onset and duration of an abnormal 
influence from the optic cup (margin), other tissues initiated or controlled in their 
growth by it may be interfered with in their development. Such a postulation explains 
the developmental anomalies in lens, iris, ciliary body, anterior retinal margin, ete., 
in cases of corneal malformation and is in line with the present trend in teratology, 
stressing the importance of the ectoderm in development and growth. 


SUMMARY 


Case 1 is that of a congenital myxofibroma of the cornea with central defect of 
all corneal layers. The lens was in the cystic space of the tumor mass, anterior to 
the flat corneal diaphragm. 
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Case 2 is that of a congenital corneal staphyloma with microphthalmia and central 
corneal opacity of the other eye. 

In both cases were signs of arrest of development corresponding to the third 
month of embryonal life, such as ciliary processes on the posterior surface of the 
iris, nonpigmentation of its posterior epithelial layer, and absence of a ciliary body, 
a scleral spur, and the canal of Schlemm. The ora serrata reached to near the lim- 
bus, with the abnormally shaped ciliary muscle arising behind it. 

Islands of retinal tissue were present on the posterior surface of the iris, a con 
dition not reported before. 

A primary fault in the optic cup (margin) which caused arrest of the corneal 


development, as well as of those structures originating from or controlled in growth 


by it, is postulated. 

709 New Medical Building 
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IRIDOSCHISIS AND KERATOCONUS 


Peport of Case in a Twenty-Year-Old Man 


CAPTAIN D. L. KROHN 
AND 
CAPTAIN E. E. GARRETT 
MEDICAL CORPS, UNITED STATES AIR FORCE 


ee ISCHISIS is a term devised in 1945 by Loewenstein and Foster to describe 
the splitting off of the anterior leaf of the iris. The first description of this entity 
was by Schmitt,’ in 1922. A search of the literature has disclosed 21 mentioned and 
reported cases, in some of which the etiology seems clearly traumatic, in others to 
be a late result of chronic glaucoma in combination with senile degeneration. All 
patients have been well in the age group of degenerative diseases. The following 
case is reported on the basis of the rarity of the lesion, the youth of the patient, the 
clear absence of glaucoma, and the associated finding of keratoconus, which has not 
previously been reported. 


PRESENTATION OF CASE 


\ 20-year-old airman 2/C complained of failing vision in the right eye, first noticed about 
three months before admission. There had been no pain or redness of either eye, and he gave no 
history of injury of any sort or of infectious disease except for an occasional mild upper respira- 
tory infection, The past history, family history, and an account of the patient's occupation from 
his earliest memory were not contributory except for his occupation at the time of his visual 
loss. During the year prior to admission he was engaged every few weeks for a few hours at a 
time in the cleaning of various textile materials with trichloroethylene. During this duty he 


felt oceasional mild ocular irritation, as did other men engaged in the same activity. There was 
no known contact with other industrial poisons or with unusual forms of energy or foods 

Physical examination was entirely negative except for the eyes. Vision was light perception 
with excellent projection, two-point discrimination, and color discrimination, O.D., and 20/70+1, 
O.S. Manifest and cycloplegic refraction showed vision to be unimprovable in the right eye but 
improvable to 20/30—1 with —6.00 D. sph._ 47.50 D. cyl, ax 135 in the left eye 


The ocular adnexa were normal, but the eyes appeared smaller than usual, with correspond- 
ingly narrow palpebral fissures. Tension was normal to finger palpation and registered 16 mm 
Hg (Schigtz), O. U. Tension did not change significantly either to finger palpation or to 
tonometry on or after the many occasions on which the pupils were dilated with 5% homatropine 


hydrobromide. Ciliary injection was absent, and the distribution of the conjunctival vessels was 
normal 


The right cornea was small in diameter and showed central thinning. At the apex of the 


cornea were several white, cloudy opacities of a linear, branching type, distributed generally as 
vertical streaks and situated in the anterior third of the stroma and slightly in Bowman's mem- 
brane. The corneal curvature was obviously high and its shape conical. Examination with the 
keratometer (Bausch & Lomb) showed great distortion and irregularity of the mires. The 
curvature was so high in all meridians that it could not be measured but was estimated to aver- 
age about 60 1D 


From the Ophthalmology Section, 7100th USAF Hospital, Wiesbaden, Germany 


There was no evidence of previous corneal inflammatory disease 
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Right eye, showing distortion of corneal light 
of the light source was round 


a 
PO reflex by keratoconus, and cataract. The shape 
Left eye 
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[he right anterior chamber was of moderate depth and was partly filled with matted, stringy, 
white-gray masses, consisting of tangled and edematous trabeculae of the anterior iris stroma, 
separated out from the posterior, pigmented leaf and partially free in the anterior chamber. Some 
of the strands appeared to be floating completely free, but most of them were attached either at 
the area of the collarette, which was scarcely distinguishable as a separate landmark, and at the 
periphery. Most of these “fronds” floated in the periphery, so that the pupillary area was quite 
unobstructed. The pupillary border consisted almost throughout only of the dark-pigmented 
posterior leaf, since in this area the anterior leaf was almost completely absent. The “fronds” 
were neither straight nor tightly curled but could best be described as gently waved, except here 
and there where the fibers had become entangled and were so edematous that it was difficult to 
distinguish structure. Here the masses appeared rather as amorphous flocculi. Small flecks of 
pigment were evenly and abundantly distributed among these flocculi and tendrils. The posterior, 
pigmented layer was seen completely bared in many areas, especially close to the pupillary bor- 
der. On transillumination, there was no area of thinning in this layer that would permit the 
passage of light. Visualization of the chamber angle with the Allen gonioscope was partly 
obstructed by flocculi, but it appeared to be open wherever an unobstructed view could be had. 

Direct and consensual pupillary light reactions were present, but weak and sluggish. On 
light stimulation, the pupil slowly constricted with a peculiar, irregular, “athetoid” movement, 
giving the impression that the sphincter was only partly intact. 

The lens on the right showed a milky-white cataract of a complicated type. Some slight pro- 
liferation of the capsular epithelium could be made out. There was a suggestion of water clefts 
and lamellar separation. The posterior segment could not be visualized, and only a dim red 
reflex was obtained with 8-volt ophthalmoscopy. 

The left eye showed many of the same findings, but much less developed. There were no 
corneal opacities, and the keratoconus, though distinctly seen by gross examination, ophthal- 
moscopy, and keratometry, was much less marked. One meridian read about 49.75 D., with con- 
siderable distortion of the mires, while the other curvature was over the limits of the instrument, 
but was estimated to be about 55 D. There was some thinning of the central area of the cornea. 
The chamber showed findings similar to those on the right but less marked in degree. The 
chamber angle was similarly free. The pupil was briskly responsive to direct light stimulation and 
in accommodation, but the consensual response was diminished. Transillumination showed no 
pigmentary atrophy. The flocculi, tendrils, and pigment flecks were similar to those on the right. 
Ihe lens was normal except for a thin posterior subcapsular layer of patchy opacification 
Neither water clefts nor lamellar swelling was seen. The fundus was easily visualized and 
showed no lesion, 

Neurological examination revealed no abnormalities. There was no ocular muscle imbalance 
\ spinal tap showed normal pressures, and the fluid had physiological physical qualities and 
chemistry 

Examinations were made to rule out the presence of possible associated or contributory sys- 
temic disease. The results of the following special examinations were negative: ear, nose, and 
throat, genitourinary, and dental studies ; examination of stools for ova and parasites (five occa- 
sions); complete blood cell count (three occasions) ; urinalyses (six occasions) ; Wassermann 
test; blood urea nitrogen, total cholesterol, cholesterol ester, total protein, and A/G ratio deter- 
minations; cephalin flocculation test, and agglutination tests for Pasteurella tularensis and 
Brucella abortus. X-rays of the optic foramina, long bones, sinuses, chest, and skull were 
negative 

The patient was given a trial of systemic cortisone therapy over a period of three weeks 

\ good response was suggested by total eosinophile studies, but there was no change in the 
lesion. However, the density of the cataract in the right eye appeared to increase slightly over 
prolonged observation. There was no increase in tension at any time or evidence of inflammatory 
change externally or within the chambers at any time. 


COMMENT 
This case, though clearly similar to previously described cases of iridoschisis, 


differs trom all of them in important details, as may be seen in the accompanying 


lable. 
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The case of Schoenberg,’ whose patient was a professional high diver, and that 
of Gala,” who reported this lesion in association with glass blowers’ cataract, may be 
excluded from this consideration, since the separation of the anterior iris leaf ts 
clearly traumatic, Similarly, Loewenstein, Foster, and Sledge '' reported a case of 
iris splitting observed 10 weeks after a severe head injury involving a broken nose. 
\lthough trauma in these cases may have been the precipitant of a process already 
within the ocular tissues, this must remain speculative. These cases seem at present 
hest separated off as instances of iris splitting caused by physical agents. 

If these cases, in which the youngest patient was 46, are then excluded, the young- 
est case on record was 56, well into the age group of degenerative change. This 
range has given rise to frequent suppositions in the literature that the splitting of the 
iris might well be, at least in part, the result of senile atrophy. Vogt * particularly 
stressed this idea in reporting a follow-up observation on Drapkin’s * case, and in 
adding another of his own. Lyding,’ in his review of literature previous to 1932, 
makes a distinctive classification of senile iris atrophy into two general types, the 
first bemg what was later called iridoschisis. This form appeared to be a senile 
affection, characterized by cataract formation and restriction of the lesion to the 
inferior half of the iris and to the anterior leaf of the iris, with an intact posterior 
epithelium and no special tendency toward glaucoma. His second type comprised 
the more familiar progressive essential iris atrophy, often associated with trauma, 
glaucoma, and definite involvement of the two layers of posterior epithelial cells. 
Cases later reported have not fully supported this classification, although, as we 
emphasize below, in cases of the first type the changes have not been followed by 
glaucoma, However, it is striking that, until the case reported here, the lesion 
seemed to have been exclusively a senile phenomenon. Since the bulk of the 
atrophied portion of the iris consists mostly of vessels (Wolff '’), the lesion was 
presumably a senile type of arterial occlusion, 

In the case under report the patient was of an age inconsistent with senile arteri- 
osclerosis, did not have diabetes mellitus, hypercholesteremia, or vasospastic phe- 
nomena that could be discovered. There is nothing to suggest that the lesion is a 
part of a generalized syndrome involving vascular occlusion. 

The intermediate tissue of the iris was implicated by Loewenstein and Foster.'" 
Pathological examination in their case suggested that the lesion consisted in an 
acecentuation of the physiological atrophy of the intermediate tissue. Their case, 
however, was one of long-standing iritis with glaucoma. There had been previous 
surgery, and the eye was removed after absolute glaucoma had culminated 20 years 
of known disease. This unquestionably complicated the pathological picture. In any 
event, the age in the case being reported would suggest that such a process ts 
unlikely. Atrophy of the interstitial tissue would have to be a true disease process, 
and not an accentuation of a senile type of physiological atrophy. Similarly, the 
suggestion of Carter '* that the process is a function of senility must, with this case, 
come under question, 

In most of the reported cases the separation of the stroma from the posterior 
leaf was greatest in the inferior segment of the iris. This was thought by Vogt * to 
he due to the effect of gravitation on the aqueous, the latter dissecting the anterior 
leaf from the posterior more easily below than above. In this case, however, the 
separation is quite uniform throughout the circumference ; this is seen in both eyes, 
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each of which appears to represent a ditferent stage of the same disease. This would 
suggest that the process is intrinsic to the iris and not the result of passive dissection 
following the weakening of the stromal structure by atrophy. 

The absence of glaucoma in this case is of special interest. Ten of the reported 
cases involved increased ocular tension, but it may be emphasized that in not one 
of these was the glaucoma observed to come on after the iridoschisis was observed. 
In Carter's case increased tension occurred after provocative testing, but field con- 
striction and enlarged blind spots were evident at the first examination. In_ five 
other cases increased tension was definitely observed before the iris change, with 
varying intervals, the shortest of which was four years. In the four remaining 
cases, the iris change and the glaucoma were presumably found together. This high 
incidence of glaucoma as a precursor to iridoschisis has been interpreted as indicat- 
ing that the process may be aggravated by proteolytic enzymes in the aqueous, a 
product of glaucomotous metabolism (Loewenstein and Foster'’), Others 
(Garden and Wear ‘*) have speculated with these authors that the tautness of the 
miotic iris under treatment for glaucoma, as well as tension from posterior synechiae, 
might produce rupture of the fibers weakened by glaucomatous iris atrophy, instearl 
of the commoner ectropion uveae. Mention should be made of the type of glaucoma 
occurring with these lesions. In six cases glaucoma appears to have been pri- 
mary; in three it followed iridocyclitis, and in one case mild tension occurred 
together with the iris lesion, both after clear-cut trauma. The case under discussion 
is thus of interest in that not only did the patient's age preclude senile atrophy, but 
evidence neither of glaucoma nor of inflammation of the internal eye was observed. 
The shredding of the iris stroma was nevertheless marked, diffuse, and circumfer- 
entially uniform. 

Only two definite cases of corneal dystrophy were found in the literature, 
although in several cases the presence or absence of corneal change was not specifi 
cally mentioned. Both cases featured mild guttate changes. The presence of distinct 
keratoconus as an associated finding with iridoschisis is thus unique here. In the 
right eye this change was severe. 

In 9 of the reported cases cataracts were present, some of them presumed to be 
senile and some of the complicated type, but because of the ages involved it was 
difficult to consider any of them pure. In the present case, it is believed that the 
cataract on the right is probably complicated. This assumption is supported by the 
presence of early posterior subcapsular changes on the left and by the patient’s age. 

If the cataract may be assumed to be a passive sequel to the other processes, the 
change may be considered primarily mesodermal, since the sphincter, dilator, and 
posterior epithelial layers are for the most part preserved, This concept is not 
inconsistent with the keratoconus, since all but the corneal epithelium, which is here 
intact, is derived from mesoderm. However, despite this association, it is not sug- 
gested that the lesion is congenital, nor is there any other evidence that the iris 
splitting and keratoconus are etiologically related. 

The possibility that this syndrome represents a toxic or an allergic reaction to 
trichloroethylene exposure seems extremely slight. The exposure was minimal, and 
there was no similar lesion in the eyes of the other men with similar duty, half of 
whom were available for examination. Dr. A. E. Caldwell, of the Armed Forces 
Medical Library, has reviewed the literature on eye lesions caused by this agent. 
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She states that “although the literature on the toxicity of this compound is fairly 
extensive, no observation of cataract formation has been found. However, trichloro- 
ethylene may act as an allergen.” There was no mention of this chemical among 
articles on allergic cataracts containing lists of known chemical allergens. Although 
various neurological and neuro-ophthalmological lesions have been described which 
implicated the agent, with none have anterior segment changes been mentioned. 


SUM MARY 

\ case ts reported of bilateral iridoschisis with keratoconus and cataracts in a 
20-year-old man. This is believed to be the 21st case on record, the patient being the 
youngest by 36 years. The unusual features of this case are discussed. Neither a 
primary nor a contributory cause could be assumed. Speculations concerning the 
etiology of other cases on record are briefly discussed and applied to this case. 

(slaucoma as a later complication of previously found iridoschisis has not been 
reported, 
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CAROTID-CAVERNOUS FISTULA WITH TYPICAL SIGNS 
ON CONTRALATERAL SIDE ONLY 


EDWARD TAMLER, M.D. 
SAN FRANCISCO 


HE OCCURRENCE of homolateral pulsating exophthalmos following a 

carotid-cavernous fistula, either traumatic or spontaneous, is well known, In 
addition, the same eye often manifests signs of venous congestion, such as dilated 
veins in the conjunctiva, eyelid, and retina and bulbar chemosis. Not infrequently 
a similar picture will subsequently develop in the contralateral eye owing to the 
opening of intercavernous communications. It is not necessary here to go into 
the anatomical and physiological reasons for this train of events. These, along with 
the clinical picture and treatment, have already been clearly summarized in the 
literature.* 

Cases of carotid-cavernous fistula with absence of classic ocular signs on the 
homolateral side and the presence of these signs on the contralateral side are rare. 
Four cases are reported in the literature, and, of these, autopsy was obtained in only 
one. A fifth case, with autopsy findings, will be presented in this paper. However, 
I should like, first, to summarize two additional case reports in the literature which 


bear on the problem of failure of development of the classic picture 


In 1898 a 25-year-old servant girl presented herself to Reif ® with the following history : 
One year before, a horse had stepped on her face, causing a fracture of the left side of the 
maxilla and mandible. At that time a suggestion of exophthalmos of the left eye was noted 
One month before coming to Reif she had been hit over the right eye by a cow's tail. One 
week later, while picking up a heavy milk can, she suddenly experienced pain in her right eye, 
followed by headache, and redness and swelling of the right eye 

Examination by Reif gave the following findings: In the right eye there was 5 mm. of 
proptosis, slight edema of the eyelids, injection of the conjunctiva, chemosis of the lower bulbar 
conjunctiva, tortuous large vessels in the upper palpebral conjunctiva, sluggish and limited 
reaction of the pupil to light, dilated and tortuous retinal veins, and limitation of extraocular 
movements. In the left eye there was injection of the conjunctiva, some tortuosity of the vessels 
of the bulbar conjunctiva, slight tortuosity and congestion of retinal veins, and paralysis of the 
lateral rectus muscle. Visual fields were normal in both eyes. A pulsation synchronous with the 
radial pulse could be felt over the right eye. On auscultation, a continuous swishing noise, 
increasing with systole, could be heard over almost the entire head but best over the left eye 
and left mastoid process. Though the left eye hardly protruded, the pulsation was more easily 


felt over it than over the right eye. Pressure on the right common carotid had little effect 


From the Division of Ophthalmology, Department of Surgery, Stanford University School of 
Medicine. 


* References 1 through 4 
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on these signs. Pressure on the left common carotid obliterated the auscultatory noise and the 
palpable pulsation and made it easier to compress the right globe into its orbit. A diagnosis was 
made of bilateral pulsating exophthalmos due to a carotid-cavernous fistula on the left side. 


To explain the findings in this case of bilateral, though predominantly crossed, 
pulsating exophthalmos, Reif reasoned laboriously as follows: The original trauma 
in 1897 involved the base of the skull, causing a small tear in the left internal carotid 
artery within the cavernous sinus. The signs of the basal fracture were masked by 
the other signs of the injury. Because the tear in the carotid artery was small, only 
a small amount of arterial blood was discharged into the sinus. Collateral venous 
channels dilated to take care of the small amount of excess blood coming from the 
sinus, and only a minimal amount of left exophthalmos developed, and that slowly. 
I:ven this disappeared when, owing to slowing of the blood stream, a thrombus devel- 
oped in the superior ophthalmic vein. The communication between the superior 
and the inferior ophthalmic vein was maintained, however, since the facial and 
angular veins did not become dilated. Branches of the inferior ophthalmic vein to 
the pterygoid fossa dilated to take care of the blood that could no longer flow to the 
sinus. A left sixth nerve paralysis developed slowly. Then the lifting of the heavy 
milk can caused a sudden enlargemem of the rupture in the wall of the left internal 
carotid, The thrombosis of the left superior ophthalmic vein encouraged blood flow 
from the left to the right cavernous sinus, and an intercavernous communication 
rapidly opened. This resulted in a pulsating exophthalmos on the right side. The 
pulsation was greater in the left eye because of the more direct channel for its trans- 
mission and its reinforcement by transference via the thrombus. ( Reviewer's note : 
The edema and reaction about the right eye may have served to cushion the pulsa- 
tion. ) 


The patient was treated by compression of the left common carotid artery. Grad- 
ual improvement in the bruit and in the pulsation and exophthalmos of the right eye 
occurred, The left eye stayed the same. To explain this course, Reif postulated the 
development of a thrombus in the intercavernous sinus or in the right cavernous 
sinus. 


The next report is that by Nuel® of a 14-year-old boy who was struck in the left eye at the 
inner canthus by an umbrella rib. Immediately after the injury he suffered from vertigo, vomiting, 
and headache; but these symptoms soon disappeared, leaving him with ecchymosis of the left 
lids and a small skin sear at the point of injury. Three weeks after the accident a left sixth 
nerve paralysis with diplopia appeared. No exophthalmos, pulsation, or external venous engorge- 
ment was noted. Unfortunately, no ophthalmoscopic examination was performed. 

Three months after the accident the boy died suddenly in an apoplectiform attack. Autopsy 
revealed a subarachnoid hemorrhage at the base of the brain, Also noted was an outpouching of 
the left cavernous sinus. Within the sinus, the left internal carotid was displaced medially and 
contained two openings, each 3 mm. in diameter, on its anterior and posterior walls, respectively 
Phese openings were opposite each other, indicating direct injury by the umbrella rib. Anteriorly 
in the sinus, the internal carotid compressed the spongy tissue wall so that a sound could not 
be passed into the ophthalmic vein, which normally enters the sinus anteriorly. The left inferior 
ophthalmic vein was dilated, but the other orbital veins were not dilated. 


Nuel believed that the left internal carotid artery obstructed the opening of the 
ophthalmic vein into the cavernous sinus in ball-valve fashion and thereby prevented 
reflux of blood to the orbit. For this reason, a pulsating exophthalmos failed to 
develop. 
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The first case of a pulsating exophthalmos occurring only on the side opposite 
a carotid-cavernous fistula was reported by Pincus * in 1907. 

A 3l-year-old man sustained trauma to the right side of his head. Eleven days after the 
accident the right eye was blind and showed ptosis, hematoma of the lids, lateral rectus 
paralysis, other extraocular muscle weaknesses, irregular pupil with absence of direct response 
to light, optic dise pallor, and questionable distention of the retinal veins. The left eye was 
normal. Two months later the ptosis on the right was gone; all the extraocular muscles except 
for the right lateral rectus functioned normally, and the retinal vessels were normal in appear- 
ance. Two weeks after this the patient complained of tinnitus and a pulsation in his head 
Ocular examination revealed proptosis of the left eye, congestion of the veins of the left con- 
junctiva, a left lateral rectus paralysis, and fulness of the left retinal veins. The right eye 
appeared the same as before. The left eye was easily compressed, and when this was done, a 
visible and palpable pulsation synchronous with the arterial pulse was noted. On auscultation, a 
continuous noise with a systolic blow was heard, more intense over the right eye and right 
temple than elsewhere over the head. Compression of the right carotid caused disappearance 
of the noise and pulsation. Nothing happened with compression of the left carotid. 

The patient’s chief complaint was disturbance of his sleep by the noise in his head. By 
compressing the right carotid, he was able to fall asleep. He continued to do this, and gradually 
there was improvement of the exophthalmos, pulsation, sixth nerve paralysis, and venous con- 
gestion of the left eye. Because of this improvement, he refused surgical treatment. One could 
still feel the pulsation of the left eye, and the patient still heard the noise in his head. 

Over the next few years not much change took place. The noise in the patient's head was 
noted to increase in the sleeping position or with stooping. He used a broomstick handle from the 
wall to his neck to compress the carotid while sleeping. Several years later, after a severe 
headache, the noise in his head disappeared. The right eye then showed enophthalmios, slight 
downward and inward deviation, partial ptosis, decreased sensation in the cornea and conjunctiva, 
the scar of a corneal ulcer, and a constricted pupil, which did not dilate on cocainization. As 
before, there was no vision in the right eye; sixth nerve paralysis and a pale optic disc were stl 
present on the right. The left eye was then completely normal, No intracranial bruit was heard 
on auscultation. The patient considered himself cured, which indeed he was symptomatically, and 
he no longer compressed his carotid. 


Pincus postulated that the original injury was a basal skull fracture involving 
the tip of the right orbit and cutting the optic nerve, tearing the right ophthalmic 
veins, damaging the sixth nerve on the right and the right sympathetic branches, and 
causing an arteriovenous fistula in the right cavernous sinus. lulsating exophthal- 
mos failed to develop on the right side, he thought, because of the Horner syndrome, 
the destruction of the venous communication from the cavernous sinus, and retro- 
orbital bleeding and fibrosis. The pressure of the arterial blood in the right cavern- 
ous sinus was carried through intercavernous communications to the left cavernous 
sinus and thence to the left orbit. Pincus mentioned Sattler’s idea that transmission 
to the other side occurs generally on the basis of the development of a thrombus on 
the homolateral side. The rapid development of optic dise pallor by the 11th day 
after the accident was explained by decrease in its vascular supply. He explained 
other findings in the right eve by assuming slight damage to the third and fifth 
cranial nerves. 

The next such case was reported by Dandy and Follis * in 1941. 

A 53-year-old man, some years before, had allegedly sustained head trauma, which left him 
with head noises, bilateral poor vision, inward turning of both eyes, slight bilateral exophthalmos, 
left lower lid ectropion, bilateral sixth nerve paralysis, and complete paralysis of the third nerve 
on the left. When he was seen several years later, in 1938, a pulsating exophthalmos was present 


on the right but none on the left. There were large tortuous vessels over the forehead, especially 
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on the right side, and pulsating vessels along the bridge of the nose. A loud murmur was heard 
over the head, more intense over the temporal and frontal regions. The left pupil barely reacted to 
light. The optic dises were sharply outlined and pale. Compression of the left carotid artery 
diminished the bruit. Compression of the right carotid artery had no effect. The patient was 
blind in the left eye and could only count fingers with the right 

The patient was treated first by partial occlusion of the left internal carotid in the neck by a 
band of fascia lata. This procedure was followed by total occlusion of the left internal carotid 
with excision of part of the artery. Finally, an attempt was made to place a silver clip on the 
intracranial portion of the left internal carotid. During this procedure the artery iore. Though 
the bleeding was quickly controlled, the patient died five hours later. 

At autopsy two fistulae between the left internal carotid and the cavernous sinus were found. 
The left cavernous sinus was dilated, and its walls were thickened. There was a direct communi 
cation between the left and the right cavernous sinus. The left superior ophthalmic vein was 
completely occluded by a thrombus. The left inferior ophthalmic vein could not be found. The 
right superior ophthalmic vein was dilated, elongated, and tortuous. There was a small thrombus 
in the floor of the left cavernous sinus. The disappearance of the slight left exophthalmos, noted 
earlier in the history, and the failure of pulsating exophthalmos to develop on that side in 
general were ascribed to the presence of the total occlusion of the left superior ophthalmic vein 
by a thrombus. 

Walsh ! briefly described the case (Case 331) of a 48-year-old man who complained of noises 
in the head and diplopia following a series of sinus operations. Ocular examination revealed 
pseudoptosis of the right upper lid. The right pupil was larger than the lett and reacted 
sluggishly to light. The right lateral rectus was paralyzed. Corneal sensitivity on the right was 
diminished. There was a 3 mm. proptosis of the right eye. No mention is made of the presence 
or absenee of pulsation. The left eye was normal except for some limitation of the external 
rectus muscle. Ophthalmoscopic examination was negative for both eyes. Vision was normal. 
\ bruit synchronous with the heart beat was heard over the left eye but was scarcely audible 
over the right eye. Compression of the carotid artery in the left side of the neck caused dis- 
appearance of the bruit 

The patient was treated by ligation of the left internal carotid artery, with resultant cessation 
of the bruit and improvement in function of both lateral rectus muscles 


Walsh speculated that the absence of pulsating exophthalmos on the same side 


as the fistula was due either to abnormal communication between the cavernous 
sinuses or to thrombosis of ophthalmic veins on the homolateral side. 


Most recently, Ramos and Mount * have reported the case of a 54-year-old woman who was 
admitted to the hospital with the chief complaint of a pounding noise inside her head for approxi- 
mately one and a half years. Just prior to the onset of this noise, the patient had fallen on the 
stairs of her house and had been unconscious for a few moments. Following this injury she also 
noted transient left ptosis, transient ecchymosis around the left eye, and transient diplopia. There 
Was progressive protrusion of the left eye from the time of the accident 

Ocular examination revealed congestion of the veins of the left upper eyelid, chemosis of the 
left conjunctiva, and a 2 mm., nonpulsating exophthalmos of the left eye. On auscultation, a 
loud bruit, synchronous with the pulse, was heard over the left eye but was not audible 
over the right eye. Compression of the left, the right, or both carotid arteries did not eliminate the 
bruit. Uncorrected visual acuity was 20/20 in the right eye and 20/70 in the left eye. Visual 
fields were normal, Examination of the fundi revealed engorgement of the left retinal veins 
here was some weakness of the left lateral rectus muscle but no diplopia. Laboratory and x-ray 
studies were negative except for arteriography, which showed a large arteriovenous fistula in the 
right cavernous sinus. Also demonstrated was an intercavernous communication through the 
anterior portion of the circular sinus. The failure of bilateral carotid compression to affect the 
bruit was explained by the presence of a tremendous right posterior communicating artery 
supplying part of the carotid circulation, as demonstrated by right vertebral arteriography. 

The patient was treated by cervical obliteration of the right internal carotid artery, followed 
in six days by an intracranial ligation of the same vessel. Postoperatively the bruit and signs of 
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congestion in the left eye disappeared. The exophthalmos in the left eye improved clinically, 
although there was no change in the exophthalmometer readings. To explain the absence of signs 
in the right eye, the authors assume that the patient's right ophthalmic veins did not join with the 
cavernous sinus. 
REPORT OF A CASE 

J. R., an 86-year-old man, was admitted on May 5, 1953, to the Stanford Medical Service of 
the San Francisco Hospital (N75509), complaining of nausea, headache, and dizziness. During 
physical examination a right sixth nerve paralysis was noted, and eye consultation was requested. 

Further questioning elicited a recent history of diplopia and an inconstant noise in the head 
There was no history of trauma. Examination of the eyes revealed corrected visual acuity of 
20/40 in the right eye and 20/30 in the left eye. There was marked ptosis of the right upper lid, 
partially due to a compensatory lowering of the lid to avoid diplopia. Levator action was good in 
both eyes. The right pupil was larger than the left and reacted sluggishly to light. The left 
pupil reacted promptly. The right eye showed limitation of movement in all directions of gaze. 


Figure 1 


There was no proptosis and no visible or palpable pulsation of either eye. A bruit, synchronous 
with cardiac systole, was heard loudest over the right eye but was also audible over both frontal 
regions, the left eye, and the right side of the neck. Pressure over the right carotid artery 
caused cessation of the bruit, whereas compression of the left carotid artery had no effect on the 


bruit. Ophthalmoscopic study revealed signs of moderate vascular sclerosis and early senile 
macular degeneration in both eyes. There was no venous engorgement or papilledema in either 
fundus. The remainder of examination, including measurement of visual fields, skull x-rays, and 
lumbar puncture, was not remarkable. 

A diagnosis was made of right intracranial arteriovenous fistula, with paralyses of the right 
third and sixth cranial nerves. Since it was felt that the patient’s age contraindicated carotid 
ligation, arteriography was deemed inadvisable. The patient was discharged in early June, 1953, 
feeling somewhat improved with regard to his nausea and dizziness. 

He was seen again on June 26, 1953, at the Stanford University Hospital Eye Clinic (A65646), 
complaining of redness of the left eye and a scratchy, thumping sound in the head, both of two 
days’ duration. The previous findings in the right eye were essentially unchanged. The left eye, 
however, was now displaced forward (6 mm.) and downward (Fig. 1). There was partial ptosis 
of the left upper lid, which appeared swollen and contained visible, dilated vessels. The con- 
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Fig. 2.—The lower right-hand pointer is directed anteriorly and indicates the right internal 


carotid artery just after it has entered the right cavernous sinus. The upper right-hand pointer 
indicates the lumen of the aneurysmal dilatation of the artery. The upper left-hand pointer 
traverses the fistula between the dilated portion of the artery and the cavernous sinus 


Fig. 3.—Directed posteriorly, the pointer is placed in the fistulous communication between the 
4 carotid aneurysmal dilatation and the sinus. The normal-sized lumen is seen at the left as it 
f enters the dilated portion. The anterior wall of the carotid dilatation, which was fused with 
the anterior wall of the sinus, has been dissected away 
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junctiva of the left eye was edematous, and its vessels were dilated. Tests of extraocular move- 
ments revealed third and sixth nerve paralyses on the left side. The left pupil was active but 
did not maintain constriction. There was no visible pulsation of the left eye, but a pulsation 
was palpable. The bruit now appeared loudest over the left eye on auscultation. Again, com- 
pression of the right carotid eliminated the bruit, while compression of the left carotid had no 
effect at all on it. There were no new findings on ophthalmoscopic examination. The diagnosis 
was expanded to right carotid-cavernous fistula with communication to the left cavernous 
sinus. The patient was treated with an occluder to prevent diplopia and an antibiotic ointment 
to prevent exposure keratitis in the left eye. 

On Sept. 9, the patient suffered a sudden collapse and was admitted to the San Francisco 
Hospital. On admission he was unresponsive, aphasic, moderately rigid, and breathing in Cheynes- 
Stokes fashion. Eye examination showed essentially the same condition as before except that now 
his left eye showed papilledema and hemorrhages in the posterior pole of the fundus on 
ophthalmoscopic examination. The right fundus was unchanged. His general condition rapidly 
deteriorated, and he died on Oct. 1. 

Autopsy of the head revealed many calcified plaques in the walls of the blood vessels at the 
base of the brain. The right internal carotid artery measured 4.5 mm. across its lumen where it 
entered the cavernous sinus. As it curved anteriorly, it expanded into an aneurysmal dilatation, 
measuring 10 mm. in diameter and filling the entire anterior portion of the sinus (Fig. 2). The 
wall of the dilated artery fused with the anterior and anterolateral walls of the sinus. In the 
posteromedial wall of the aneurysm was a 3 mm. smooth, round opening into the sinus (Fig. 3). 
A continuous column of freshly clotted blood could be traced from the right to the left cavernous 
sinus through their posterior, common, trabeculated wall. No ophthalmic vein could be found 
entering the right cavernous sinus anteriorly. No dilated or thrombosed veins were noted grossly 
in the right orbit. Section taken at right angles to the optic nerve near the apex of the right orbit 
did not reveal any venous thrombosis. The left internal carotid artery and cavernous sinus were 
not remarkable in appearance, and the ophthalmic vein opened normally into the sinus anteriorly. 
The ophthalmic veins in the left orbit were minimally dilated. 

I believe that the arterial blood from the fistula into the right cavernous sinus failed to affect 
the right eye and orbit by virtue of the obstruction of the venous opening by the dilated arterial 
sac. Strong evidence for this belief was the fusion of the sac to the anterior wall of the sinus. 
However, one cannot completely rule out the possibility of an anomalous absence of a com- 
munication between right ophthalmic veins and right cavernous sinus 


COMMEN1 
Krom the foregoing review and report, the following factors are suggested as 
possible causes of the rare occurrence of a carotid-cavernous fistula without pulsating 
exophthalmos on the same side: 

1. Small size of the fistula, so that only a small amount of blood is discharged 
into the cavernous sinus; this amount is readily handled by existing venous anasto- 
mosis to the pterygoid fossa or by the development of collateral venous channels. 
The fistula, therefore, has little or no effect on the homolateral globe. 

2. The development of a thrombus in the homolateral cavernous sinus or the 
ophthalmic vein leading to it. This would have to occur rapidly in order to pre- 
vent the occurrence of a pulsating exophthalmos in the period immediately following 
the establishment of the fistula. 

3. Obstruction of the communication between the cavernous sinus and_ the 
ophthalmic vein by the internal carotid artery. This would prevent reflux of blood 
toward the ipsilateral orbit. 

4. Traumatic rupture of the homolateral ophthalmic vein at the same time as the 
traumatic production of the fistula. At first there would be considerable retro-orbital 
bleeding, but any proptosis so produced might be masked by the general reaction 
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in the region to the trauma. As coagulation, organization, and fibrosis of the retro- 
bulbar hemorrhage proceed, the proptosis would recede, and there would be no path- 
way for the transmission of an arterial pulsation to the globe. 

5. A preexisting vascular anomaly, consisting of absence of communication 
between ophthalmic veins and cavernous sinus on the side of the fistula. 

6. Damage to the sympathetic fibers on the same side as the fistula, resulting 
in a Horner syndrome. However, this should not eliminate any pulsation produced 
by a fistula. Besides, it is now believed that the enophthalmos of a Horner syndrome 
in man is actually a pseudoenophthalmos resulting from the associated ptosis. 

These suggestions, except for those verified by autopsy, are mere speculation. 
From the autopsy reports two mechanisms are established as explanations to account 
for the absence of pulsating exophthalmos on the same side as the fistula: 

1. The internal carotid artery, or a dilated portion of it within the cavernous 
sinus, obstructs the flow of blood between cavernous sinus and ophthalmic veins. 
This was found in Nuel’s case and the case described in this report. In Nuel’s case 
the carotid artery compressed the spongy anterior sinus wall and may have acted 
as a ball valve, allowing blood to enter the sinus from the orbit but preventing exit 
of blood from the sinus in the opposite direction. In the case reported here, the wall 
of the dilated artery fused with the anterior wall of the sinus, indicating complete 
two-way obstruction of venous flow between orbit and sinus. Venous return from 
the eye would then have to leave the orbit through another route, most probably 
through anastomosis with the pterygoid fossa. This would more reasonably explain 
the difficulty at autopsy in finding an ophthalmic vein entering the cavernous sinus, 
than indicate the complete absence of such a vein. 

2. A second explanation is the development of a thrombus in the ophthalmic 
vein entering the cavernous sinus and/or in the sinus itself. This was found by 
Dandy and lollis and would explain the transient exophthalmos on the homolatera: 
side at the onset in their case, presumably before the thrombosis developed. 

I:xplanation of the presence of pulsating exophthalmos on the contralateral side 


poses no problem. It is a well-known anatomical fact that intercavernous communi- 
cations exist. 


SUMMARY 


AND CONCLUSIONS 


Cases in the literature of carotid-cavernous fistula with typical ocular signs on 
the contralateral side only are reviewed. Another such case, with autopsy findings, 
is reported in this paper. Two other cases in the literature with related findings are 
also described. 

Autopsy findings in three of the cases reveal that in cases of carotid-cavernous 
fistula pulsating exophthalmos may be absent on the homolateral side when an 
injured or a dilated internal carotid artery blocks egress of blood from the sinus 
or when there is thrombosis of the ophthalmic vein leading from the sinus. 

Dr. A. E. Maumenee made suggestions during the preparation of this paper; Drs. R. Eissler 


and H. Borst aided in the translations, and Dr. W. Fielder assisted in the autopsy and with the 
pathological specimen. 
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SPASMUS NUTANS 


A Clinical Study of Twenty Cases Followed Two Years or More Since Onset 
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YPASMUS nutans is a clinical entity in which nystagmus is associated with head 
‘J nodding and anomalous head positions. This triad is so characteristic that there 
can be little doubt of the diagnosis when present in its entirety, but the diagnosis 
may be less certain when only one or two of the features are present. The 
nystagmus is not identical in all patients and may vary in one and the same patient, 
hat in general it tends (1) to be asymmetric in the two eyes, (2) to vary for ditfer- 
ent directions of gaze, and (3) to have extraordinarily fine and rapid excursions, 
often simulating a quiver. The head nodding is inconstant and irregular , it may be 


‘ 


horizontal or vertical or both, but rarely has the abruptness that the name “spasmus 


nutans” would imply. The anomalous head positions consist of turning or tilting 


the head. 

The literature on spasmus nutans has been reviewed by Wsterberg ' and Walsh.’ 
There is general agreement on the clinical manifestations and absence of other neu- 
rologic disease but disagreement on its pathogenesis. The effect of infant rearing in 
the dark,* malnutrition,’ predisposition for winter months,” and a miscellany of other 


factors * have been alleged to be of etiologic significance. Few attempts have been 


made to make follow-up studies on patients with conditions diagnosed as spasmus 
nutans. The few cases reported suggest that the condition is self-limited. Thus, 
Herrman ° found the condition lasted no longer than 12 months in any of 50 patients. 
IXxceptional instances have been reported in which the duration was longer.7 


The present study is based on observations of 20 patients believed by us to have 
spasmus nutans and reexamined two years or more after the onset of the condition. 
‘The primary aims were to ascertain the duration of the condition and to evaluate the 
course of the clinical signs and symptoms. 


Research Fellow, Department of Surgery (Ophthalmology), Cornell University Medical 
College, New York (Dr. Norton) 


From the Massachusetts Eye and Ear Infirmary, and the Howe Laboratory of Ophthal 
mology, Harvard Medical School, Boston, and the New York Hospital, New York. 


* Cited by Still * and Herrman. 
+ References 1, 4, and 6. 
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SPASMUS NUTANS—A CLINICAL STUDY 


OBSERVATIONS 


The duration, age of onset, symptoms, and associated eye abnormalities are listed 
in the accompanying Table for a total of 20 patients. The cases are arranged, so far 
as possible, in the order of the duration of the syndrome. 

It is obvious from the Table that there is a wide variation in the duration of the 
signs and symptoms, namely, from four months to more than eight years. In five 
of the present series the symptoms have persisted for three years or more. This is 
contrary to the general consensus and was surprising to us. It should be noted, 
however, that the signs in these patients became less marked with time. 


Clinical Data on Twenty Patients with Spasmus Nutans 


Clinical Syndrome 


Age at Turning; Associated Eye * 
No Duration Onset Nystagmus Nodding Tilting Abnormalities 


1 10 mo, 


+ 


mo smo, 


smo If mo 


limo 2wk 


6 In mo lyr Esotropia 


Esotropia 
(unilateral 
inferior 


Is mo 3 mo 
4 mo.t 2 wk 


oblique 


paralysis) 
4mo 


Myopia 
(--8.00 D.) 
7 mo.t mo Esotropia 
12 THO 1] mo 
13 3% yr 


+ Exotropia and 
astigmatism 
(2.25 D.) 


omo 


15 4 mo Myopia 
(—4.00 D.) 

16 3 yr.3 6 mo, Esotropia 

17. 6mo + + Esotropia 

1k... i4 yr 9 mo + + + 

19. 2yr Fsotropla 

yr. 13 mo Unilateral 
astigmatism 


(3.25 D.) 


Final examination. Minus signs indicate no associated eye abnormalities 
Symptoms still present at time indicated but subsequently found to have ceased 
? Symptoms still present at time of last examination. 
§ This patient now has a conjugate nystagmus and poor visual acuity, thought to be attributable to 
diffuse cerebral damage (see text) 


The age of onset also varied widely, ranging from two weeks to three years, 
This is in keeping with the usual concept that the condition begins in infancy. 

Of the triad of symptoms, the head nodding, when present, was usually the most 
conspicuous abnormality, but the nystagmus was the most constantly present and 
usually the last to subside. The nystagmus was asymmetric in the two eyes in all of 
the 20 patients and unilateral in 2 of these. A third patient showed nystagmus of one 
eye on one examination and of the other eye on another examination. In several 


cases the nystagmus was predominantly present in the right eye on dextroversion 
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and in the left eye on levoversion. The nystagmus was conspicuously fine and rapid, 
often approximating 6 to 8 cycles per second. While horizontal in all cases, a slight 
vertical component was also present in three.t Visual fixation was noted to decrease 
or arrest the nystagmus in two of the patients. 

The asymmetry and fineness of the nystagmus are so characteristic of spasmus 
nutans that two cases are included in the present series in which the nystagmus was 


the only sign. In both instances the nystagmus eventually disappeared entirely. 


Head nodding was present in the majority of patients. It was usually an irregular, 
horizontal movement, suggesting in many cases a loose or wobbly head. Visual 
fixation sometimes appeared to increase the nodding and at other times seemed to 
decrease it 


Photograph illustrating head turning and head tilting with spasmus nutans. 


Head turning and/or tilting was the least frequent of the triad. It is illustrated 
by the accompanying photograph (Figure ). 

Termination of the signs was sometimes abrupt and sometimes gradual. In 6 of 
the 15 patients who no longer have spasmus nutans, the parents reported that the 
movements stopped quickly (1. e., “overnight” or “in a few days”) ; in the remaining 
patients the signs decreased gradually over a period of several months or more. 

t In Case 20 the patient now has, as his only residuum of the condition, an intermittent fine 
vertical nystagmus of one eye. This eye is astigmatic (—3.25 D. cyl. axis 180), with the best 
corrected visual acuity 20/100. Glasses do not influence the nystagmus, and its relationship to 
spasmus nutans and the amblyopia is obscure 

In Case 17 a slight vertical component of the nystagmus has recently been shown on upward 
gaze. 

Case 19 is reported in detail below. 
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SPASMUS NUTANS—A CLINICAL STUDY 


Strabismus was common in those patients in whom the condition persisted for 
more than a few months. It is of some significance, however, that strabismus was 
not present in the majority at the time the spasmus nutans was first noted, and that 
the symptoms of spasmus nutans usually disappeared despite the persistence of 
the strabismus. Visual acuity was normal, so far as could be ascertained, except in 
the presence of strabismus or ametropia. 


Case 19 is sufficiently unusual to warrant more detailed information; it is the 
only case in which there might be some doubt of the diagnosis of spasmus nutans. 


Except for diffuse cerebral damage from birth, the patient was well until the age of 2 
years. At that time the patient developed nystagmus and cocking of the head to one side. The 


head position lasted about a month, disappeared, and did not return. No head nodding was 
noted. 


When first seen, at age of 3% years, the patient had a rapid pendular nystagmus of the 
right eye, which increased on looking to the right and decreased on looking to the left. On upward 
gaze, there was a definite vertical component. The left eye had a scarcely detectable rotatory 
nystagmus synchronous with the pendular nystagmus of the right eye. 

At the last examination, eight years after the onset, the best corrected visual acuity was 
20/100—1 with +2.50 D. sph. in the right eye and counting fingers at 10 ft. (3 meters) with 4- 
2.00 D. sph. in the left eye. The ophthalmoscopic examination revealed no abnormality. The 
original predominantly unilateral nystagmus had been replaced by conjugate, pendular nystagmus 
of small amplitude and rapid rate. The nystagmus became coarser in all secondary fields of 
gaze but retained its over-all characteristics except for an occasional jerky component in the 
direction of gaze. The patient had an esotropia of from 25 to 30A for near and far when fixing 
with the left eye, but this increased to about 50A when fixing with the right eye. Motility tests 
showed underaction of both lateral recti, being much greater on the right than on the left. The 
visual fields were grossly normal. 


This patient at the age of 2 years developed symptoms typical of spasmus nutans; now, at 
the age of 10, she shows signs indistinguishable from congenital nystagmus. We are unable 
to evaluate the various factors that could be responsible for the patient's present condition, i. e., 
(1) cerebral damage, (2) poor visual acuity, or (3) spasmus nutans. 


On the negative side, several incidental observations may be noted. The onset 
was about as frequent in the summer months (10 cases between April and Septem- 
ber) as in the winter months (10 cases between October and March). Seventeen 
of the 20 patients were reared under adequate lighting conditions (one parent sug- 
gested that excessive light might have caused the condition!). The histories for the 
other three were inadequate for evaluation of the amount of illumination. Malnutri- 
tion was thought to be present in two of the patients at the onset of the spasmus 
nutans, and a third patient had celiac disease. The other 17 patients were considered 
to be well nourished. The only neurologic abnormalities in the present series was an 
arrested hydrocephalus in one case (Case 14), cerebral paralysis in another (Case 
19), and possible mental retardation in the third (Case 13). No suggestive leads 
were uncovered of prenatal or postnatal factors that were thought to be significant. 


COM MENT 


The pathogenesis of spasmus nutans is obscure, and there was nothing found in 
this series which makes it less so. The present group of cases suggests that the dura- 
tion may be considerably longer than was previously assumed. In addition, it 
emphasizes, in agreement with Still * and Msterberg,’ the characteristic asymmetry 
and fineness of the nystagmus, features of great value in the diagnosis of spasmus 
nutans. We are not aware of this combination occurring in any other condition. 
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A, M. A. ARCHIVES OF OPHTHALMOLOGY 


Differentiation from congenital nystagmus accompanied by head movements 
usually offers no difficulty, since in this condition the nystagmus is bilateral and 
conjugate, the head movements are purely horizontal, and, finally, the head and eye 


movements are found regularly on successive examinations. 


CONCLUSIONS 
1. Spasmus nutans often persists longer than is generally believed. 
2. The nystagmus seen in spasmus nutans is so characteristic that the diagnosis 
can be made from it alone. 
REFERENCES 
1. Asterberg, G.: On Spasmus Nutans, Acta ophth. 15:457-467, 1937. 
2. Walsh, F. B.: Clinical Neuro-Ophthalmology, Baltimore, Williams & Wilkins Company, 
1947, pp. 316-318. 
3. Raudnitz, R. W.: Zur Lehre vom Spasmus nutans, Jahrb. Kinderh. 45:145, 1897. 
4. Still, G. F.: Head Nodding with Nystagmus in Infancy, Lancet 2:207-209, 1906. 
5. Herrman, C.: Head Shaking with Nystagmus in Infants, Am. J. Dis. Child. 16:180-194, 


1918. 
6. Spicer, W. T. H.: The Nystagmus Spasmus Nutans in Infants, Brit. M. J. 1:1120, 1901. 
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Scientific Exhibits 


DEVELOPMENT OF THE VISUAL PATHWAY: OPTIC CHIASM 


AELETA N. BARBER, Ph.D. 


G. N. RONSTROM, M.D. 
AND 


RUDOLPH J. MUELLING Jr., M.D. 
NEW ORLEANS 


HE PURPOSE of this display is to present in pictorial form the development 
of the human chiasm and its relations to contiguous structures. For convenience 
the display has been divided to correspond approximately to the trimesters of gesta- 


tion. 
CABINET I 


The development of the visual pathway begins very early in the life of the human 
embryo, about the 3.2 mm. stage, when the optic vesicles become established. The 
anlage of the chiasm occupies the floor of the forebrain between the optic stalks at 
the junction of the telencephalon and the diencephalon (Figs. 1, 5, and 7). Axones 
from the ganglion cells in the retinas grow toward the brain, where they enter the 
floor of the third ventricle and partially decussate to form the optic chiasm (Figs. 
2, 3, 7, and 8). 

During the first month the lumens of the optic stalks are quite wide and open 
into the cavity of the forebrain (Figs. 4 and 7), but elongation of the stalks and 
formation of the fetal fissure obliterate their lumens by the end of the second month 
(Figs. 6 and 8). Closure of the optic stalks begins at the optic cup and proceeds 
toward the brain, the cavity of the stalks remaining longer where they open into the 
brain. When the axones first grow toward the brain, they occupy the lower nasal 
quadrant in the wall of the stalk (Fig. 4), but later, when the cavity of the stalk 
becomes obliterated, they fill the whole nerve. (Compare Figures 4 and 8.) 

A true chiasm is present by the end of the second month, 30 mm. stage (Fig. 8), 
and reaches its definitive form by the end of the fourth month (Fig. 17). 


Aided by National Institutes of Health Grant B-136. 
From the Louisiana State University School of Medicine and the Charity Hospital of 
Louisiana. 


Department of Pathology (Drs. Barber and Muelling); Department of Anatomy (Dr. 
Ronstrom ). 

Shown as a scientific exhibit of the Section on Ophthalmology at the 103rd Annual Meeting 
of the American Medical Association, San Francisco, June 21-25, 1954. 

Figures 1 through 8, 10, 13, 14, 18, 19, 21, and 23 are from “Embryology of the Human Fye,” 
by Aeleta N. Barber, being published by C. V. Mosby Company, St. Louis. 
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A. ARCHIVES 


OF OPHTHALMOLOGY 


CABINET II 

During the second month the eyes assume a more frontal position owing to the 
growth and development of the mesodermal structures of the head, so that the optic 
nerves pass upward and medially to reach the optic foramina and then make an abrupt 
downward curve to enter the chiasm. (Compare Figures 9; 18, and 19.) Meanwhile, 
a transverse space, the recessus opticus, is formed at the anterior end of the third 
ventricle and for a time extends into the proximal ends of the optic nerves. As more 
and more nerve fibers grow into the chiasm, it bulges anteriorly and inferiorly from 
the floor of the ventricle and thus the recess gradually becomes reduced in size. 
Figures 13, 14, 15, and 16 show the position and lateral extent of the optic recess 
during the third month. 

The third ventricle, at first a relatively broad space (Figs. 5 and 7), becomes 
narrowed down to a vertical cleft owing to the thickening of its lateral walls during 
the formation of the thalami (Fig. 16). The relations of the optic chiasm to the 
third ventricle are further modified by the growth of the corpora striata (Figs. 12 
and 23). 


CABINET III 

The lateral portions of the optic recess gradually become smaller during the 
fourth and fifth months (Figs. 12, 15, 16, and 20), until the recess comprises only 
a very small, shallow space at the lower anterior end of the third ventricle by the 
end of the eighth month (Fig. 23). Thus, although the anlage of the chiasm orig- 
inally occupied a relatively large portion of the floor of the third ventricle during the 
sarly stages in development, the adult chiasm is related to the third ventricle only 
on a small portion of its posterior aspect. During the last few months of gestation 
the development of the chiasm consists mainly in increase in size, due to the ingrowth 
of additional fibers from the retinas. 


Hydrocephalus resulting from blockage caudad to the chiasm produces dilatation 
of the third ventricle and compression of the fibers in the posterior part of the chiasm. 
The extent of chiasmal involvement is determined by the fetal stage in which hydro- 
cephalus begins. Figures 24 and 25 show extensive dilatation of the ventricles and 
stretching of the chiasm in a 5-month fetus, while only a slight dilatation of the third 
ventricle is seen in another case at the same developmental stage, in Figure 22. The 
fetal brain shown in Figure 26 has rotated approximately 90 degrees from its normal 
position. The optic nerves were detached from the optic chiasm, and the chiasm itself 
was atrophic. Curiously, a portion of the right cerebral hemisphere and the olfactory 
lobes were also detached from the brain but had remained viable. 

Panel A is composed of serial step-sections through the head of a 60 mm. embryo, 
third month, cut in the horizontal plane and showing progressively higher levels 
through the midbrain. Section 28 passes through the main body of the pituitary and 
Section 29 passes through the infundibular stalk, both being below the level of the 
chiasm. A portion of the chiasmatic prominence can be seen in Section 30, and the 
main body of the chiasm is seen in Section 31. The orbital portions of the optic 
nerves are visible in this section, but their connection with the chiasm is not shown, 
owing to the fact that the section is located at a higher level. Section 32 passes above 
the chiasm and through the optic foramina, showing the entrance of the optic nerves 
into the chiasm and a small portion of the optic recess which is immediately above 
the chiasm. 
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1.8 mm.; 3 weeks. Sagittal section. The anlage of the chiasm is indicated at C. The pom evagination from the 
floor of the diencephalon (/) gives rise to the future infundibulum and the posterior lobe of the pituitary. It is in 
contact with an invagination from the roof of the buccal cavity, Rathke’s pouch (R), which gives rise to the future 
anterior lobe of the pituitary. 

2.12 mm.; 4 weeks. Sagittal section. The optic nerve fibers have not yet reached the anlage of the chiasm (€). 
Ratke’ S pouc h has separated from the roof of the mouth and is in contact with the infundibulum. 

is 5 mm.; 8 weeks. Sagittal section, The floor of the third ventricle between the entrance of the optic nerves 
is filled with decussating nerve fibers and can be called a true chiasm (C) at this stage. 

7-8 mm; 3 weeks. Horizontal section. The lumens of the optic stalks (OS) are quite wide and open into the 
cavity of the forebrain. The floor of the forebrain between the optic stalks represents the anlage of the chiasm. 


5.10 mm.; 4 weeks. Horizontal section. The optic stalks (OS) have 
elongated at this stage and contain axones from the retinal ganglion cells. 
The lumens of the optic stalks are still visible at their proximal ends and 
open into the third ventricle. 

6.—17 mm.; 4 weeks. Coronal section. A cross section through the optic 
stalk is seen at OS. When the axones (A) from the ganglion cells in the 
retina first grow into the optic stalk, they occupy the lower nasal quadrant 
of the stalk. 

7.—25 mm.; 8 weeks. Horizontal section, The optic nerves (ON) are filled 
with nerve fibers, whose ingrowth has obliterated the lumens of the stalks, 
Ingrowth of these fibers into the chiasm causes it to protrude anteriorly and 
inferiorly from the floor of the third ventricle. A shallow recess, the recessus 
opticus (OR), is thus created above the chiasm. 

80 mm.; 8 weeks. Horizontal section. A true chiasm (C) is present 
by the end of the second month, and the walls of the diencephalon are thick- 
ening to form the thalami. 
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Panel A (Figs. 28 through 32).—Ser- 
jal step-sections cut in the horizontal 
plane through the head of a 60 mm. 
embryo—-12 weeks. They illustrate the 
of the structures below 
and above the chiasm (C). OR, optic 
recess. 


Cabinet II 


9.30 mnv.; 8 weeks. Horizontal section. 

s This section is cut at a higher level than 

Figure 8 and shows the entrance of the 

1 optic nerves into the chiasm. The eyes 

have assumed a more frontal position, 
Compare with Figures 4 and 5. 
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10.48 mm.; 10 weeks. Sagit- 
tal section. The chiasm (CC) is 
larger than in Figure 3% and 
forms a more prominent bulge 
from the floor of the third ven- 
tricle. This section is cut slightly 
obliquely and does not show the 
infundibular recess. 


hiasma: Relation to Ventricl. 


11.59 mm.; 12 weeks. Sagittal section. The chi- 
asm (C) has increased considerably in size through 
the ingrowth of additional nerve fibers. Compare 
with Figure 3. This section passes through the center 
of the infundibulum (/). 

12.55 mnv.; 11 weeks. Coronal section. The cut 
ends of the optic nerves are seen at ON and the 
chiasm at CC. Bilateral extensions from the optic 
recess are visible in this section. Compare with Fig- 
ures 7 and 9. 

13..-60 mm.; 12 weeks. Horizontal section. Figures 
13, 14, and 15 are serial step-sections illustrating the 
location and configuration of the optic recess. Figure 
13 passes through the body of the chiasm (C) 
slightly below the level of the optic foramina. The 
chiasm bulges anteriorly from the floor of the third 
ventricle, creating a shallow recess, the optic recess, 
ibove its upper posterior surface. 
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14.—60 mm.; 12 weeks. Horizontal section. 
This section passes above the optic foramina 
and shows the intracranial portion of the optic 
nerves (ON). The lateral extensions of the 
optic recess (OR) are shown in the horizontal 
plane. Compare with Figure 12. 

15.—60 nwm.; 12 weeks. Horizontal section. 
At a higher level than Figure 14, the optic re- 
cess (OR) is seen to be a secluded space imme- 
diately above the chiasm, forming a transverse 
cleft at the lower anterior end of the third 
ventricle. A small segment of the optic nerves 
can still be seen on ON, 

16.—60 mm.; 12 weeks. Coronal section. The 
cut ends of the optic nerves are seen in the 
optic foramina. The lateral extensions of 
the optic recess appear very narrow in this 
plane. The thalami (7) are well developed. 


17.100 mm.; 15 weeks. Horizontal section. 
This section shows the intracranial portion of 
the optic nerves and the decussation of nerve 
fibers in the chiasm (C). Except for inerease in 
size, the chiasm has attained its definitive mor- 
phology at this time. 

18.82 mm.; 14 weeks. Vertical section. This 
section passes through the center of the eye and 
orbit. The optic nerve (ON) curves downward 
and then upward in the orbit to reach the optic 
foramen, after which it curves downward again 
to the level of the chiasm (C). Compare levels of 
the optic nerve with Figures 13, 14, and 15. 


Panel B (Figs. 33 through 37). 
Serial step-sections cut in the coronal 


19.—65 mm.; 12 weeks. Horizontal section. The plane through the head of a 125 mm. 


full length of the optic nerves can be seen in this 
section. The nerve fibers partially decussate in 
the chiasm (C) and pass around the base of the 
thalami to form the optic tracts. The third ven- 
tricle forms a narrow vertical cleft between the 
thalami (T). 


embryo—4Ath month. They are arranged 
from the front toward the back of the 
head and illustrate the relations of the 
chiasny (C), the pituitary (P), and the 
mammillary bodies (MB) to the third 
ventricle. 
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CABINET 
20.120 mm.; 4th month. Coronal seetion. The lateral portion of the optic recess can be seen 
only on one side and is very narrow at this stage. 
21.125 mm.; 4th month. Sagittal section. The structures of the hypothalamus shown in 
Figure 20 are shown in this section in the sagittal plane. Except for inerease in size, the chiasm 
has reached its definitive form, The section passes through the center of the infundibulum (J). 


22.-175 mm.; 54, months. Coronal section. Dilatation of the anterior end of the third ventricle 
has occurred in this specimen, Compare with Figure 23. The condition is reminiscent of the optic 
recess as described for the third and fourth months (Figs. 15 and 33). 

23.280 newm.; & months. Coronal section. At this stage the third ventricle has attained its adult 


condition and forms a narrow vertical cleft between the thalami. The optic recess (OR) is repre- 


sented by a very small horizontal cleft at the lower anterior end of the ventricle and related to the 
chiasm on its upper posterior surface. 


24.--170 mm.; months. Coronal section. A_ section 
through the brain in a case of hydrocephalus. The lateral 
and third ventricles are markedly dilated, and the chias- 
mal fibers (C) are curved downward, 

25.-170 mm.; 54) months. Gross coronal sections. Same 
case as that in Figure 24, showing gross relations of the 
chiasm to the third ventricle. 

26.172 mm.; months. Brain in situ. Frontal view 
with the calvariuny opened to show anomalous rotation of 
the brain. The olfactory lobes are seen at OL, and a small 
piece of the right cerebral hemisphere can be seen adherent 
to the skull at CH. 

27..-175 mm.; 5'y months. Whole brain. Basilar view of 
normal brain showing external relations of chiasm (C). 
The infundibulum is seen at J, The dark material adherent 
to the outer surface of the brain is blood. 
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OPTIC: CHIASM 


Panel B is composed of serial step-sections through the head of a 125 mm. 
embryo, fourth month, cut in the coronal plane and arranged from the front toward 
the back of the head. Section 33 passes through the anterior edge of the chiasm, 
showing the cut ends of the optic nerves and the extreme anterior limit of the optic 
recess. This recess is shown in the horizontal plane in Figure 31, and its full extent 
is demonstrated in Figure 15. During the early stages in development the optic 
recess extends laterally over the optic nerves, but as the chiasm increases in size and 
protrudes farther anteriorly, the lateral extensions of the recess are obliterated. 
(Compare Figures 12, 15, 16, and 34.) Section 35 passes through the main body 
of the chiasm and the anterior portion of the pituitary, while Sections 36 and 37 
are located farther posteriorly in the head and show the mammillary recess. 


SUMMARY 


A portion of our study of the development of the visual pathway in humans, 
namely, the optic chiasm, is presented in pictorial form. 

The development of the optic chiasm is initiated when the axones from the retinal 
ganglion cells grow toward the brain in the optic stalks and enter its anlage in the 
floor of the third ventricle. The chiasm attains its adult morphology as a consequence 
of increase in the number of these nerve fibers and their partial decussation. The 
alteration in the relations of the chiasm to the third ventricle results from two fac- 
tors: first, the ingrowth of fibers from the retinas, which causes it to protrude or 
bulge from the floor of the ventricle, and, second, the growth of contiguous structures, 
such as the thalami and the corpora striata, which modify the configuration of the 
ventricle itself. 

Congenital abnormalities are generally severer the earlier they occur in fetal life. 
Dilatation of the third ventricle occurring during the early stages in development 
results in compression of the nerve fibers in the optic chiasm. The alteration in the 
relationship of the chiasm to the third ventricle during development, that is, pro- 


trusion from the floor of the ventricle to a position contiguous with the ventricle only 


on its posterior surface, probably explains why dilatation of the third ventricle occur- 
ring during the late stages of gestation has little effect on the chiasm. 


We gladly acknowledge the assistance of the Department of Medical Illustrations in 
designing and executing the technical part of the display. 


453 


Clinical Notes, New Instruments and Techniques 


AN ARRANGEMENT FOR GONIOSCOPY DURING SURGERY 


W. MORTON GRANT, M.D. 
AND 
PAUL A. CHANDLER, M.D. 
BOSTON 


URING certain types of surgery, particularly surgery for congenital glau- 
coma, it is desirable for the surgeon to have a clear direct view of the struc- 
tures within the angle of the anterior chamber. Unfortunately, gonioscopy during 
surgery is rendered difficult by a great tendency for air to get under the gonioscopic 
lens and to obscure the view. Removal of this air while the point of a surgical 
instrument is in the anterior chamber may be hazardous and difficult. Air more fre- 
quently causes trouble during operation than during diagnostic examination of the 
angle because of differences in the lenses employed and in the amount of manipula- 
tion of the eye. In gonioscopic lenses employed for surgery the rim is commonly 
cut to form a tunnel to give the surgeon access to the limbus of the eye. Such a 
tunnel facilitates leakage of fluid out and air in. The leakage which takes place 
through the instrument tunnel is minimized in some lenses by an elastic membrane, 
but entrance of air at other points may still occur with slight displacements of the 
whole lens. During the manipulations of surgery displacements of the gonioscopic 
lens on the eye are practically unavoidable unless the lens is held so firmly as to 
interfere with surgical procedure. 

An arrangement which we have devised eliminates difficulties from air bubbles, 
yet permits unusual freedom in the operative approach and maintains a clear view 
of the angle (provided the cornea is clear). The arrangement which we have found 
satisfactory during goniotomy and goniopuncture in infants and children from the 
age of 6 weeks up consists of a special contact lens * (Fig. 1) connected to a 
reservoir of warm sterile hypertonic (1.5%) saline. The experimental model was 
made by extensive modification of a Troncoso lens. A groove and flange (18 mm. 
in diameter) analogous to those of a Koeppe lens were cut out for the lid margins. 
A tunnel was cut through from one side for adequate access to the limbus of the 
instruments which were to enter the eye. Also, a segment was removed from the 
opposite side to facilitate holding the medial rectus with forceps for fixation. Most 
important, the small chimney ; or tubulature on the top of the lens was utilized as a 
nipple for connection to a reservoir of saline. For the reservoir we have found it 
convenient to employ a 500 ml. flask and fittings such as are ordinarily employed 
for intravenous infusion. The flask is equipped with 4 or 5 ft. (120 or 150 cm.) of 
plastic or rubber tubing of a small diameter so that one end can be slipped snugly 
over the tubulature on the contact lens. At operation the surgical assistant utilizes 
the tubing near its attachment to the lens as a convenient handle. The assistant, 
also, may control the flow of saline from the reservoir by squeezing the tubing where 
he holds it. 

The lens is applied to the eye by the assistant after the surgeon has grasped the 
medial rectus muscle with fixation forceps. The lens is applied so that the lid mar- 
gins fit the appropriate grooves in the lens and the tunnel for instrumentation faces 
toward the lateral canthus. In very young infants a canthotomy facilitates applica- 
tion. While surgery is in progress, the lens is easily maintained in appropriate posi- 
tion by the assistant’s controlling hold on the tubing near the lens, as shown in 
Figure 2. With a gentle flow of saline through the space between cornea and gonio- 


* This surgical gonioscopic lens (goniolens) is now available from Obrig Laboratories, 
Inc., 49 E. S5lst St.. New York 22. 
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GONIOSCOPY DURING SURGERY 


scopic lens, practically all entrance of air bubbles is prevented, and any bubble that 
momentarily gains entrance is readily washed out. 

We feel that the provision of a continuous and controlled flow of saline between 
the gonioscopic lens and the cornea constitutes the principal advantage in our gonio- 
scopic arrangement. With this flow of saline, air bubbles are easily kept out and a 
clear view is afforded throughout the operation. There is no need for obstruction 


Fig. 1.—This surgical gonioscopic lens has a tunnel for surgi- 
cal instruments and flexible tubing for connection to a reservoir 
of saline for continuous irrigation, 


Fig. 2.—The surgical gonioscopic lens is held in place at 
operation by means of the flexible tubing, and the eye is con- 
trolled with fixation forceps. There is a continuous flow of saline 
solution through the lens, which prevents interference from 
bubbles of air despite the open instrument tunnel and despite 
surgical manipulations of the eye 


of the instrument tunnel by a membrane or any requirement of rigid fixation of the 
lens. Indeed, the lens can be moved about freely. Only simple precautions need be 
observed. The saline solution which is employed should be warmed to prevent 
moisture from condensing on the outer surface of the lens in the warm, moist 
environment of the patient’s eye. The saline should be hypertonic to prevent the 
corneal epithelium from clouding with edema. 


243 Charles St. (Dr. Grant). 
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METHOD OF CHECKING SEGMENT POSITION 


DONALD G. ALLEN, M.D. 
CLEVELAND 


A NUMBER of years ago, while checking segment position on a patient who was 
having “bifocal trouble,” I noticed that a flashlight held in front of the glasses 
cast a sharp linear shadow on the eyeballs and lower lids. 

If the ophthalmoscope light in a semidarkened room is held at a distance of 33 
to 45 cm. directly in front of the eye on the same level as the pupil, the position of 
the segment top is shown by the line appearing on the eyeball (Figure, upper left). 
The proper position differs with the individual subject, of course, but should be such 


O 


Segment positions 


that the segment is not in the line of vision (with the head held in habitual position ) 
for distant vision ( Figure, upper right) and the top segment line is not in the line of 
vision for reading (Figure, middle left), and the segments should be the same . 
distance below the pupil in each eye. This can be checked by “eye” very accurately. 
The shadow is especially helpful with eyes that are on different levels. 

The reading setting is checked by holding the light at the patient’s reading dis- 
tance, just where he holds a book, by habit. \When he looks at the light, the segment 
shadow should surround the pupil in such a way that usual up and down and lateral 
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CHECKING SEGMENT POSITION 


movements do not bring the line of vision through any segment boundary (Figure, 
middle right). It is not uncommon to find one segment properly placed and the other 
one not (Figure, lower left and right), as a result of a crooked nose or an asymmet- 
ric position of the eyes, and this shadow position makes the condition very evident. 


All major types of bifocal (and trifocal) lenses cast this sharp linear shadow, 
but with strong powers the light may have to be closer than 33 cm., but that 1s not 
a particular disadvantage. 

The illuminating source should be level with the pupil, but absolute accuracy 
is not essential, as a vertical movement of 1 cm. at 33 em. distance causes only 
about 0.3 mm. displacement of the shadow. 


SUMMARY 
A quick, accurate method of checking segment position is described. 


The tests should be made with the patient’s head (for distance) and the head 
and book (for near) in the habitual positions. 


This maneuver is so simple that I am sure it must be widely used, but I have 
not seen it described. 


Registry of Interesting Cases 


It is the purpose of this section to record cases on the basis of interest only. No complete 
review of the literature is attempted and no claim for priority is implied except when specifically 
stated. Publication of case reports is subject to the concurrence of the Editorial Board on the 
mteresting aspects of the case. It is requested that the reports submitted be as brief as is con- 
sistent with inclusion of the pertinent facts, bear a title that is as specific as possible, be prefaced 
by a paragraph that states why the author feels the case is of interest and be accompanied with 
photographs whenever possible. 


CRYSTALLINE DYSTROPHY OF THE CORNEA 


DISTINCT type of corneal dystrophy was described by Schnyder, first in 
1927 * and later in 1939 ' and named by him crystalline deposits of the cornea. 
This may have been described previously by van Went and Wibaut,? whose publica- 
tion was not available to us. It has been described several times since by other 


Ring-shaped corneal opacity. 


authors, and the cases have been collectively reviewed by lranceschetti * and Mal- 
bran * and their associates. The characteristic abnormality is a myriad of fine, 
needle-like opacities situated in the most anterior portion of the stroma, often in 
a ring-form distribution. The two eyes are involved approximately symmetrically, 
and the abnormality is usually transmitted as dominant Mendelian characteristic. 
The present case appears to be an additional instance of the same type, differing 
chiefly in the fact that no other members of the family seemed to be affected. 


REPORT OF CASE 

A. S., a 21-year-old unmarried white man, on routine examination was found to have slightly 
reduced visual acuity and therefore was referred to the eye clinic, Chelsea Naval Hospital. 

Examination of the eyes showed a correctible acuity of both eyes to 20/30. The corneas 
showed a ring-shaped opacity (Figure) situated in the most superficial stroma, occupying a 

*Schnyder, W. F., paper read at meeting of Swiss Ophthalmological Society, June 18, 
1927; cited in Reference 1 


458 


CRYSTALLINE DYSTROPHY OF CORNEA 


central zone approximately 6 mm. in diameter, with a clear center. The opacity was made up of 
numerous fine needles, which were highly reflective. These needles were 0.1 to 0.2 mm. in length 
and arranged in random fashion, overlapping one another like matchsticks which had been 
dumped on a table 

In each eye there was also a superimposed discoid opacity, or satellite, measuring not more 
than 1 mm. in diameter, made up of a fine white granular opacity overlying the needles. 

The rest of the cornea and the area between the needles were clear. There was no vasculariza- 
tion, limbal girdle, or evidence of inflammation. The media were clear and the fundi normal. 

There had been no past history of ocular injury or inflammation, and the patient denied 
having had any past illness other than the usual childhood diseases. 

The patient was one of four siblings, one of whom was an older brother and two, younger 
sisters. All were examined and found to have normal corneas. The patient’s mother was living 
and well, at the age of 61. She also was examined and found to have normal corneas. The patient's 
father had died six years previously, of “Bright's disease”; a report from his oculist stated that 
he had not had any corneal opacities. 

Laboratory studies on the patient revealed no significant abnormality: total blood protein 
7.5 gm. per 100 cc., with an A/G ratio of 5.2: 2.2; cholesterol level 210 mg., calcium level 10.7 
mg., phosphorus level 4.1 mg., uric acid level 3.7 mg., and creatine level 2.0 mg., per 100 ce. 


Urinalysis showed no glycosuria or albuminuria. | 


J. Brockuurst, M.D. 
E. A. Hynes, M.D. 
D. G. Cocan, M.D. 
United States Naval Hospital, 
Chelsea, Mass. 
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DEEP ANTERIOR CHAMBER FOLLOWING TRAUMA 


HIS unusual eye problem is presented because of its interesting differential 
diagnostic problem and the type of treatment indicated. 

During my service as ophthalmologist serving with the United States Armed 
Forces in Korea, three cases presenting similar eye injuries came to my attention, 
These eyes presented a diagnostic sign new to me. None of my associates have 
had similar cases brought to their attention, and | have been unable to find any 
similar references in the literature. A typical case follows. 

The patient gave a history of blindness in the left eye after having been struck by the blast 
of a mortar shell one hour previously. Physical examination showed that the pathology was 
confined to the left eye and a 1 cm. skin wound of the left temple. No wound of the eyelids 
or eyeball was seen. The vision was found to be normal in the right eye and limited to “poor 
light perception” in the left eye. Entoptic illumination revealed no light perception. The cornea, 
iris, and lens appeared undamaged. The fundus was obscured by vitreous hemorrhage. The 
remarkable factor observed was that the anterior chamber was about twice as deep as normal. 
The intraocular pressure was 19 in the right eye and 14 in the left, as expressed in millimeters 
of mercury with a Schigtz tonometer. Roentgenograms revealed a 3 by 5 by 3 mm. foreign body 
to be present in the posterior aspect of the orbit but definitely outstide the eyeball. 

The problem is whether this situation calls for conservative supportive therapy or whether 
the eye and orbit should be subjected to surgical exploration. 

Each of the three eyes was surgically explored, and in each was found a 5 to 10 mm. lacera- 
tion of the globe at about its equator. The wound was closed with an interrupted 5-0 chromic 
absorbable surgical (gut) suture and the surrounding area treated with intrascleral cautery. 
Supportive therapy was instituted, and the patients were evacuated to hospital ships. The further 
progress of these patients was not pursued. 


In traumatic injuries of the eyeball a pathologically deep anterior chamber should 
make one aware of a posterior laceration of the globe. Surgical exploration rather 
than supportive therapy is indicated. 


LIEUTENANT ©). M. Graves Jr. (MC), U.S. N. 


The opinions expressed herein are the private ones of the writer and are not to be construed 
as reflecting the views of the Navy Department or the naval service at large. 
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THE ORBIT 
A Review of the Literature for 1953 


ARTHUR GERARD DEVOE, M.D. 
NEW YORK 


HIS REVIEW covers the literature available to the reviewer from March, 
1953, to March, 1954. In addition, articles published in 1952 which were not 
available at the time of the last review are included. 

In general, it may be said that there has been little work of outstanding signifi- 
cance. A rather high percentage of published material represents individual case 
reports of unusual conditions and rarities. In the major problems of general interest, 
such as the relationship of paranasal sinus disturbance to ocular disease and the 
basic metabolic mechanism of endocrine exophthalmos, there is little evidence of 
any real advance in our knowledge. 


ANATOMY 


It would not seem likely that much new remained to be discovered concerning 
anatomical points in the orbit, but several papers, although probably of little clinical 
significance, should be mentioned. For example, I’rince * has studied the compara- 
tive anatomy of the orbit in many animals, birds, reptiles, and fishes. The enclosed 
orbit was the original protective pattern of skull structure, which, although dis- 
carded by nearly all animals in subsequent developmental periods, was nevertheless 
redeveloped at still later periods by some animals, using elements which had taken 
no part in the previous structure. Among primates this was thought to be for pro- 
tective purposes, and among ungulates, both for protection and for skull reinforce- 
ment, so that horns could be used in combat. There also seems to be a correlation 
between the type of orbits and the feeding habits of animals, herbivora, and hunted 
animals retaining their orbits in a lateral position, and carnivores developed a for- 
ward position of the orbits for convenience in attack and pursuit. 

Anthropologists,* commenting upon the fact that anthropological measurements 
of the face are not as adequate as might be expected, have suggested another set of 
measurements, the “interocular-biorbital index.’’ This measurement is defined as 


100 x maximal bitemporal diameter across orbits, in centimeters 
7 diameter joining inner canthi, in centimeters 


In man the average measurements in the living individual with intact soft parts is 


about 380 to 390 cm. Pronounced ocular hypertelorism will give a measurement of 
about 200 cm. The author feels that extreme values in this measurement might be 
of some significance in cases of disputed paternity, since hypertelorism seems to be 
due to a dominant autosomal gene. 

From the Department of Ophthalmology, New York University Postgraduate School of 
Medicine. 
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Tappen * has analyzed the bones of the face, particularly around the orbit, by 
use of the split-line technique to demonstrate the lines of stress. This is done in a 
manner somewhat analogous to that in which Langer’s lines demonstrate the direc- 
tion of tension in the skin. 


Although the gracillimus orbitae muscle and the transversus orbitae muscle 
have been known for many years to be infrequent variants of the levator palpebrae 
superioris muscle, explained by incomplete separation of a common muscle mass, 
Schneider ° reports that he has found a gracillimus orbitae muscle in 40% of all 


orbital preparations. ‘The transversus orbitae muscle was observed in only two cases. 
Whether either of these two anomalies can be of significance in cases of ptosis, or 
supposed congenital paresis of the superior oblique and the superior rectus muscles, 
is not discussed. As far as the reviewer is aware, neither of these anomalies has been 
observed in the living patient. It might be worth while to attempt to demonstrate 
such muscle slips in surgery about the area. 

By gross dissection of formalin-preserved orbits in 125 cadavers, Coppini® was 
able to find anastomoses between individual nerve fibers in about 15 cases. In 14 of 
these the anastomosis was between the ophthalmic nerve and the trochlear nerve, 
and in one case between the nasal nerve and the oculomotor nerve. 


DIAGNOSTIC METHODS 


The major interest of diagnostic roentgenologists, as far as the orbit is con- 
cerned, is centered about the use of radiopaque material in the blood vessels of the 
orbit. It is recognized that at the present time it is difficult to obtain good views of 
the orbit by cerebral angiography,’ but it has been suggested that with changes in 
technique this may be possible. Visualization of the cavernous sinus by injection 
of the angular or superior ophthalmic vein is reported several times.* It is also 
suggested that choroidal angiomatosis can be demonstrated by carotid angiography ** 
and that orbital tumors can be at times delineated by phlebography.+ A word of 
warning, however, is sounded by Dollfus '® in the use of such a simple contrast 
medium as air. One patient in whom he injected 5 cc. of air for the purpose of 
clarifying the diagnosis of retrobulbar tumor developed hemiplegia with loss of 
consciousness, which lasted 20 minutes. The possibility of direct injection into the 
carotid system inadvertently is mentioned. Arteriography is not a wholly innocuous 
procedure ; hemiplegia, and even fatalities, do occur. It therefore is hardly justified 
in minor conditions. In major conditions there is no question of its value.'? 

It will be interesting to see whether Manchester’s technique '* of injecting 3.0 ce. 
of 35% Diodrast into the orbit, preceded by procaine with 50 units of hyaluronidase, 
will be helpful in demonstrating orbital pathology. 

hischgold, David, and Brégeat have produced an excellent monograph '* explain- 
ing the technique of tomography. A large section devoted to the orbit leaves no 
doubt that, properly used, this method of examination should be helpful in outlining 
orbital lesions. This has been the experience of others.*° 

McRoberts * has demonstrated a “submentovertex position” which nicely demon- 
strates the zygomatic arch. This, however, is probably of less concern to the oph- . 
thalmologist, who is more interested in the relationship of the floor and rim of the 
orbit than he is in the contours of the zygomatic arch. 

* References & through 12. 
+ References 14 and 15. 
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Reports t concerning orbital tonometry continue to appear. Clinical importance 
of this type of measurement remains dubious, however, and needs further investiga- 
tion. 

CONGENITAL ANOMALIES 

As might be anticipated, there is little new to be discussed. Case reports pre- 

dominate, Cryptophthalmos is reported several times.§ A number of papers on the 


craniofacial dyostoses have appeared.|| In this group are included oxycephaly, 


acrocephaly, hypertelorism, and Crouzon’s craniofacial dysostosis. ‘These are all 
thought to be different aspects of the same fundamental anomaly, which is trans- 
mitted by heredity. Anderson and Woodhall *' state that premature synostosis of 
cranial suture lines occurs in about 1 out of 20,000 persons. It is becoming apparent 
that surgical correction is best accomplished before the age of 2 years. Linear crani- 
ectomies are performed, and polyethylene film is placed next to the bony edge in 
order to prevent its regrowth. Treatment, however, may be helpful even at later 
ages. Of 32 patients, 6 were over 20 years of age when surgical measures were 
undertaken. 

Mandibulofacial dysostosis (Franceschetti’s syndrome) is generally considered 
an independent clinical entity. It has been proposed that a dominant gene has an 
inhibitory action upon the developmental process at about the seventh week of gesta- 
tion. Such an inhibition of the facial bones derived from the first visceral arch could 
produce the pathological findings which have been noted. The characteristic aberra- 
tion of the lower eyelid represents the carrier state.“* There are numerous case 
reports.{ Granrud °*° describes five cases, in all of which exogenic factors were 
present which possibly could account for the deformities. All the mothers had some 
disturbance during the first three months of their pregnancy, such as influenza, 
rubella, diphtheria, hydramnios, or attempted abortion. The author feels that this 
might represent a clinical analogy with the work of Stockard, who demonstrated 
that different types of injuries produced at the same time in the embryonic life of 
an animal resulted in similar ultimate deformities. The weight of opinion, however, 
seems predominantly in favor of the disease being genetically transmitted. 

Osteopetrosis (Albers-Schoenberg disease), which is also a hereditary, although 
unrelated, disturbance, characterized by diffuse congenital osteosclerosis (marble 
bones ), is reported in six cases."* 

The possibility that pressure from an amniotic band may be a cause for multiple 
deformities of the lid and orbit has also been suggested.** 

Seaman and Furlow “ have described four cases characterized roentgenographi- 
cally by absence of the usual bony landmarks in the orbit. They have made several 
interesting suggestions: First, this may represent the absence or failure of develop- 
ment of that portion of the membranous bone which separates cranial content from 
the orbit—a form of orbital meningocele. Second, there is the interesting possibility 
that this may represent a congenital defect which is one of the manifestations of 
neurofibromatosis, such as the skin pigmentation, but without the neural defect. 


t References 22 and 23. 
§ References 24 through 27 
|| References 28 through 41 
{ References 43 through 51 
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Three additional papers concerning dysostosis multiplex (lHurler’s disease ) 
have also appeared.# 
Cases of hypertelorism are described, one in association with cataract and proved 
adrenocortical dysfunction,** and the other * corrected surgically. First, a Z-plastic 
was performed upon the epicanthus, and then the nose was built up with a polyeth- 
ylene prosthesis. The contemplated plan is to put increasingly large pieces of polyeth- 
ylene in this 34-year-old child until a definitive bone graft can be inserted, at about 
18 years of age. 
INFLAM MATION 


The efficacy of antibiotics and chemotherapeutic agents in preventing or treating 


orbital inflammation is attested by the fact that individual case reports of orbital 
phlegmon, a condition not considered very unusual in the preantibiotic era, are now 
deemed worthy of presentation.* Keeney “ discusses the problem of compression 
glaucoma developing during a course of a severe intraorbital infection. He recom- 
mends that an orbital decompression be done when the Schigtz reading rises above 
SO mm. 

our cases of osteomyelitis in the maxilla of infants, aged 3 weeks to 1 year, 
form an interesting group." The condition commonly occurs in the first 12 weeks 
of life and usually follows an infection in the first deciduous molar tooth buds, but 
the antrum or lacrimal sac may be a primary site of infection. The cheek and orbital 
tissues swell rapidly, causing chemosis, proptosis, and ophthalmoplegia. The hard 
palate may be swollen on the infected side, and the infant is rather ill. Prior to the 
advent of antibiotics, mortality was in the neighborhood of 25%. Orbital cellulitis 
may be suspected at first; this, however, is not common in the first few months of 
life. It is usually associated with sinusitis and a mucopurulent discharge from the 
nostril of the same side. The hard palate is not involved. In an acute lacrimal sac 
infection, the swelling is usually localized over the sac, the hard palate is not involved, 
and the infant is not seriously ill. In all four cases the osteomyelitis was due to a 
penicillin-resistant Staphylococcus. For this reason, a broad-spectrum antibiotic is 
recommended, McAllister ** reports an unusual case in a 10-year-old boy with uni- 
lateral exophthalmos whose x-ray findings suggested neoplasm. The lesion was 
finally demonstrated to be due to the presence of a tuberculous cold abscess involving 
the sinuses and orbit. An excellent response was obtained with the following ther- 
apy : streptomycin, | gm. every two days; paraaminosalicylic acid, 2 gm. three times 
a day, and isoniazid, 150 mg. daily. Another tuberculoma“ was removed by the 


intracranial route and the pathological diagnosis established. A satisfactory result 
followed chemotherapy. 

A case of anophthalmos with recurrent periodic edema of the orbit “ at about 
2-month intervals over a period of 10 years was thought to be on an allergic basis. 
One wonders about the possibility of retained foreign body or inflammation about 
an implant, however. 

The infrequency of larval infection of the conjunctival sac is emphasized by the 
report “* of such an occurrence from the larva of the black blowfly in the enucleated 
socket of a 2-year-old child. 


# References 55 through 57. 


* References 60 through 62. 
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The proper classification of “inflammatory pseudotumor” remains equivocal. 
Since many such tumors are difficult to distinguish clinically from orbital tumors, 
exenteration has been frequently performed. A virus origin has been suggested."® 
A number of reports have appeared ; in one *° the patient died later of a generalized 
carcinomatosis, which apparently had no connection with the orbital lesion, In 
another *! the patient responded well after an orbital decompression through the 
roof. In three others, complete regression is reported to have followed x-ray treat- 
ment. 

PARANASAL SINUS DISEASE 


It was hoped that the passage of another year might help to clarify this contro- 
versial subject. The importance of sinus disease in producing such orbital complica- 
tions as cellulitis and exophthalmos ¢ is well recognized, as is the importance of 
mucoceles § and meningoceles.“* However, its importance as an etiological factor 
in optic neuritis,|| corneal ulcers,*’ blepharoconjunctivitis,{ and uveitis # is still far 
from clear. Dann and his co-workers ** have described a technique for more accurate 
roentgenological examination of the ethmoid cells through the orbital window. They 
believe that it is particularly important in certain eye conditions, in which it is 
useful to know whether or not the cells in close proximity to the optic nerve are 
involved. 

The report of Weille and Vang “” indicates the proper approach to the solution 
of this problem. They studied the files of the Massachusetts Eye and Ear Infirmary 
for cases of uveitis, optic neuritis, and keratitis in which foci of infection had been 
searched for, particularly in the sinuses. (f 668 cases studied, 427 were of uveitis, 
43 of optic neuritis, and 198 of keratitis. The authors are dubious about the impor- 
tance of sinus disease in these conditions, It is their impression that if the sinusitis 
is of such a severe degree as to require treatment on its own merits, such treatment, 
either medical or surgical, should be carried out. With relation to keratitis, par- 
ticularly such a complication following corneal transplantation, little evidence could 
be produced to support the importance of sinusitis as an initiating factor. In this 
regard, it is interesting to note a paper by Franksson and Gemzell,** who studied 
the blood levels of 17-hydroxycorticosteroids after surgery and trauma. They 
observed a marked rise in the blood level for 1 to 2 days, with a slow return to nor- 
mal levels in 6 to 14 days. The possibility exists that the observed improvement in 
corneal conditions following intranasal or sinus surgery is merely a reflection of the 
high blood level of the corticosteroids. It is hoped that more clinical work will be 
done in the near future. 


ORBITAL INJURIES 


As usual, there are a number of reports of foreign bodies and penetrating injuries 
to the orbit which are not of great importance except to remind the ophthalmologist 
of the unusual, and often totally unexpected, types of injury to which the orbit is 
subject.””) These include a granuloma following injury with an umbrella,”’ reten- 


+ References 72 through 74 
t References 75 and 76. 
§ References 77 through 82. 
|| References 84 through 86 
© References 88 and 89 
# References 90 and 91. 
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tion of a knitting needle in the orbit for 30 years without symptoms,*’ retention of a 
piece of glass in the orbit ®* after a patient fell through a glass window, and penetra- 
tion of an arrow into the orbit.” 

Kjer '’ warns that even though the local injury may appear to be minor, it is 
important to be on the watch for more serious intracranial complications, particu- 
larly if there is the possibility of a penetrating injury being present. He reports 14 
cases of penetrating lesions of the orbit, 7 of which occurred in children. In one- 
half these cases the injuries were due to pitchforks and in the rest to keyhole saw, 
iron bars, and scythe points. Nine of the patients developed intracranial complica- 
tions and one tetanus. Two of the patients died, and four had permanent cerebral 
symptoms. It is obvious that this report must have come from a farming area, where 
injuries of the penetrating type are more apt to be seen than in the urban neighbor- 
hoods. No area is exempt, however. Two cases of hemorrhagic meningitis 
occurring within 48 hours after perforating injury are also reported." In both 
these cases negative x-ray reports were obtained. Meticulous x-ray technique is 


necessary to define such fractures in the orbital roof. A complete apex-of-the-orbit 
syndrome, with unilateral total ophthalmoplegia, atrophy of the optic nerve, and 
hypesthesia of the fifth nerve, is described '°? in the case report of a farmer who fell 
off a wall and plunged a knife deep into his orbit. Four months after injury neuro- 
paralytic keratitis appeared, only to disappear in a month. 

(f interest also is the report '’* of a child in whom ulceration of the cornea, 
exophthalmos, and loss of corneal sensation developed as a result of an orbital hema- 
toma which formed after he collided with a playmate. Whether the injection of 
hyaluronidase, as reported in last year’s review, would be desirable in such a case 
is not completely established. Certainly, it should be assured that active bleeding 
has stopped before such therapy is initiated. The reviewer has recently seen a patient 
in whom hyaluronidase was injected into the orbit in an attempt to expedite the 
absorption of hemorrhage following an enucleation, only to result in the extravasa- 
tion of blood throughout most of the face and down into the neck. 

The great bulk of papers relating to injury about the orbit are concerned with 
fractures of the maxillozygomatic process and of the orbital floor.* It is recognized 
that zygomatic fractures can be reduced by any one of a number of methods, such 
as the intraoral, the external temporal, the inferior orbital, the transantral, and the 
intranasal approach, or by a combination of these methods. Stainless steel wiring 
with direct visualization of the parts is at times essential. By and large, however, 
this type of surgery falls less frequently into the hands of the ophthalmologist than 
into those of the otorhinolaryngologist or plastic surgeon. 

The typical fracture of the maxillary-zygomatic compound is usually stereotyped. 
The fracture line is expected to pass through the infraorbital foramen, across the 
infraorbital margin and floor of the orbit, and through the inferior orbital fissure, 
with little damage to the structures and to the orbital content. Gerrie and Lind- 
say,''* however, report an atypical fracture in which the fracture line, instead of 
passing through the inferior orbital fissure, went medially through the optic foramen 
and into the superior orbital fissure. This patient developed total ophthalmoplegia, 
with loss of sensation and vision, such as occurs in the apex-of-the-orbit syndrome. 
Partial recovery occurred. 


* References 104 through 114. 
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Penn and Epstein ''® describe an unusual complication following late manipula- 
tion of an impacted fracture of the malar bone. Seven days following injury the 
impacted element was raised through a posterior approach. Almost immediately 
proptosis of the right eye occurred, the pupil dilated fully, and it seemed obvious 
that a severe intraorbital hemorrhage was taking place. Decompression of the orbit 
was done immediately, with incision at the orbital margin above and below the outer 
canthus. Drains were inserted, blood escaped, and the pupil contracted at once. 
The drains were removed on the following day, and recovery was uneventful. It 
was thought that the infraorbital vessels were torn at the time of the original injury 
but were decompressed through the antrum into the nose; the blood then clotted 
in the antrum. When the vessels were again injured, at the reparative operation, 
no escape of blood was possible through the antral route, and proptosis consequently 
appeared. Such a complication demands immediate diagnosis and prompt treatment 
if serious sequelae are to be avoided. 

At the 1953 annual session of the American Academy of Ophthalmology and 
Otolaryngology, a symposium was devoted to the study of malunited fractures of 
the zygoma.+ In fresh injuries the closed method of reduction was preferred for 
simple and minor fractures of the rim. For severe injuries the oral approach through 
the buccal mucosa or the temporal approach of Gillies may be necessary. If the 
floor of the orbit is severely comminuted, an approach through a Caldwell-Luc 
incision with packing of the sinus is necessary. For severe crushing and comminuted 
fractures of the orbital surface of the zygoma and the orbital plate of the maxilla, 
open reduction is the method of choice. Such reduction can often be done coinci- 
dentally through the skin lacerations, which are usually concurrently present. 

For late repair of orbital deformities autogenous cartilage and bone are the 
materials of choice. Of the two, bone obtained from the iliac crests with a Stryker 
saw is preferred. When possible, the bone is placed subperiosteally. Such an inert 
tissue as tantalum or methylmethacrylate has been recommended. It is the reviewer's 


belief that autogenous bone should be used whenever possible and foreign materials 
of all types avoided. 


VASCULAR CONDITIONS 


The chief vascular complications seen in the orbit remain those associated with 
intracranial aneurysms. A number of descriptive articles and case reports have 
appeared. 

Boyes and Ralph '*! describe two cases of spontaneous carotid-cavernous fistula 
in which spontaneous cures apparently were due to thrombosis. During the course 
of the disease, secondary glaucoma developed in both cases and subsided with the 
appearance of thrombosis. The authors report that the “tonometer sign,” in which 
the tonometer indicator fluctuates about 6 to & scale divisions when applied to the 
globe, is a very useful means of detecting minor degrees of global pulsation not 
otherwise detectable with the naked eye. Elliot '** describes 10 cases of carotid- 
cavernous fistula, in two of which spontaneous cures occurred. It is his feeling that 
surgical treatment is not necessary unless proptosis, head noises, or impaired vision 
is serious. Cervical internal carotid ligation is the procedure of choice. The relative 
value of internal carotid ligation versus common carotid ligation is still debated. In 


+ References 114 through 117. 
t References 118 to 130. 
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general, the treatment '*’ aims at decreasing the pressure in the internal carotid sys- 
tem so that the arterial fistula may be closed by thrombosis. Intracranial ligation 
of the carotid is necessary only if carotid ligation in the neck fails. At times it may 
be necessary to ligate the orbital veins. 

One of the best and most comprehensive reports upon aneurysms and disturb- 
ances of the cavernous sinus is Jefferson’s '*° 1953 Bowman Lecture. He reports 
112 personal cases, all verified pathologically, of disease in this area. Of this group, 
22 were traumatic in origin, 38 were due to aneurysms, and 52 were associated with 
tumors. It is his feeling that proptosis resulting from raised pressure within the 
cavernous sinus is less common than is generally supposed. When exophthalmos 
does appear, it is more commonly due to involvement of the orbital veins in the 
pathological process. Furthermore, pulsating exophthalmos as a sign of arterio- 
venous aneurysm is not as common as is supposed. The bruit, however, is charac- 
teristic. The immediate formation of a fistula at the time of injury is doubtful. It 
seems more likely that there is a delayed rupture of a traumatic aneurysm at a later 
date. Ophthalmoplegia is inconstant and variable and is more likely due to sec- 
ondary orbital changes associated with the reversed orbital circulation than to direct 
pressure upon the nerves in the sinus. Cavernous sinus aneurysms differ from those 
in the circle of Willis by showing a predilection for women in middle life. The author 
feels that unimpaired corneal sensation is an absolute criterion of normality as far 
as the cavernous sinus is concerned. Attention is called to the fact that primary and 
secondary sinus tumors may have a sudden onset with pain, suggesting a saccular 
aneurysm. 

Three cases of aneurysms or anterior venous fistulae in the region of the 
sphenoid sinus are mentioned. These fistulae were thought to be aneurysms of 
anomalous ophthalmic veins. Clinically they simulated an aneurysm of the internal 
carotid artery. 


Spontaneous exophthalmos in a 4-year-old child without history of trauma recur- 


ring on three occasions is considered to have been due to periodic rupture of small 


orbital varices.'** A pathological diagnosis was not established. 

(Of interest, also, is a report of three cases of acute exophthalmos, one of which 
was bilateral, occurring in elderly patients with cardiovascular disease and heart 
failure. It was presumed that thrombosis of the cavernous sinuses occurred because 
of the sluggish circulation in that area, associated with defective cardiac action.'** 


MANIFESTATIONS OF GENERAL DISEASES 

Cases of Hand-Schuller-Christian disease with orbital manifestations have been 
reported several times.§ The relationship of the disease to eosinophilic granuloma 
is still not entirely clear. In at least two cases || improvement followed radiation 
therapy. 

Although there have been no cases reported from this country, at least 10 cases 
of hydatid cyst of the orbit have been recorded." Differential diagnosis of such a 
lesion and neoplasm would seem difficult. In some of the cases reported the onset 


§ References 135 through 138 
|| References 135 and 136 
{ References 139 to 141, 

4608 


| 

4 

a. 

a 

aw 


THE ORBIT 


of the condition was considerably more rapid than would be expected in a tumor. 
In several, removal was effected by lateral orbitotomy, and in others, by the trans- 
cranial approach. 

Only two cases of tuberculosis of the orbit were reported last year, the condition 
in one taking the form of a tuberculous periostitis successfully treated with strepto- 
mycin,'** the other having been described previously."* Thygeson,'** reporting from 
Egypt, notes three cases of gumma of the orbit, a condition which is certainly a 
rarity in this country. 

Difficult to evaluate is a paper by Mielke '** which implies that exophthalmos 
is a frequent finding in chronic nephritis. Different types of exophthalmos are said 
to occur in primary and in secondary nephritis, and both of these are said to differ 
from the exophthalmos of thyroid origin. The reviewer is aware of no investigation 
of this point in the English literature, but it seems not improbable that generalized 
edema might also be reflected in edema of the orbit. 


Two reports of bone disease associated with exophthalmos have been noted, one 
of a case of leontiasis ossea '** and the other '*° of condensing endocraniosis. 

Callahan '** reports favorably upon the intravenous use of corticotropin and 
oral administration of cortisone in treatment of successive recurrences of angio- 
neurotic edema of the orbit. Improvement was noted subjectively within a half-hour 
after the beginning of an infusion of corticotropin and was objectively marked at 
the termination of the infusion. 

Within the last few years an apparently new disease entity, “cat-stratch disease,” 
has been reported with increasing frequency. Ordinarily, some hours after a scratch 
inflicted by a cat’s claw, malaise, fever, and lymphadenopathy of a regional character 
become apparent. A case '** has now been reported in which exophthalmos and 
miosis appeared on the side nearest a scratched arm and lasted for several weeks. 
Actually, no causal relationship or rational explanation of such exophthalmos has 
been presented. 

EXOPHTHALMOS OF THYROID DISEASE 


The literature concerning the ocular manifestations of thyroid disease remains 


conflicting and confused. There have been a number of reviews of the subject and 
isolated case reports presented some unusual complication.# 


In general, it may be said that little new has been offered in the treatment or 
prevention of these ocular complications, but that much interest has centered upon 
attempts to find the hormonal factor or factors which are responsible for exophthal- 
mos. It is also apparent that the conventional differentiation of these ocular 
manifestations into a thyrotoxic and thyrotropic type is losing favor. The unified 
concept that the thyrotoxic phase is merely a milder form of the thyrotropic phase 
is gaining ground. 

The relationship between the pituitary and the thyroid gland continues to be a 
major point of interest.’*’ The basic concept has been that the anterior pituitary 
releases thyrotropin at a rate sufficient to activate the thyroid to maintain a nearly 
constant level of thyroxin in the blood. The secretion of an excess of thyroxin 
depresses the activity of the anterior pituitary. The production of thyrotropin is 
thereby reduced ; thyroid activity decreases, and the blood level of thyroxin becomes 
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lower. This, in turn, reactivates the pituitary to renewed activity. It has been 
assumed that thyrotropin (TSH, or thyroid-stimulating hormone) is the factor 
which is responsible for the production of exophthalmos in Graves’s disease. This 1s 
by no means certain. As Smelser * has pointed out, none of the hormones derived 
from the pituitary gland are available in completely purified form. Consequently, 
it is impossible to experiment with each individual pituitary fraction uncontaminated 
by the admixture of others. The best exophthalmos in animals is produced in con- 
current administration of thyrotropin and either corticotropin or cortisone. Since 
cortisone 1s an adrenal factor, and not a pituitary one, the question is raised as to 
whether the adrenal gland, as well as the pituitary, may not be important in the 
production of exophthalmos. Such a relationship between adrenal steroids and 
thyrotropin may thus explain the great clinical variation seen in thyroid disease 
and its ocular complications. Although the clinical implications of such current 
laboratory investigation are profound, the clinician at present must rely on the usual 
methods of treatment. 


It is recognized that the course of thyrotoxicosis is usually chronic, that it may 
have intermissions independent of therapy, and that at times complete regression 
of the disease may occur without treatment. Such recovery is not common, however. 
For treatment of thyrotoxicosis, in general,'** therefore, there remain (1) subtotal 
thyroidectomy, (2) antithyroid drugs, (3) radioactive iodine, and (4) x-ray ther- 
apy. Sturgis '’* states that although radioactive iodine may prove to be superior, 


at present subtotal thyroidectomy must be considered the optimum treatment of 
patients with exophthalmic goiter. The danger of increasing the exophthalmos is 
recognized, 

Antithyroid drugs are thought to interfere with the synthesis of thyroxin in the 
thyroid gland by inhibition of an enzyme in the gland which converts iodide into 
free iodine. Free iodine is the only type of iodine that can unite with tyrosine to 
form thyroxin. Therefore the formation of thyroxin is blocked at this stage. As 
the amount of thyroxin still present in the gland is utilized by the body there is no 
replacement, and the basal metabolic rate is reduced. Also, with decrease in circu- 
lating thyroxin, the anterior pituitary gland is activated to secrete thyroid-stimulat- 
ing hormone excessively, with eventual hypertrophy and hyperplasia of thyroid 
acinar cells. This undesirable effect can be eliminated by the simultaneous adminis- 
tration of iodine, which causes the gland to revert to its resting state. At the present 
time antithyroid drugs, chiefly of the thiourea series, are most useful in the prepara- 
tion of patients for a thyroidectomy. Most patients do well.!” 


Radioactive iodine was first used in treatment of thyrotoxicosis 12 or 13 years 
ago. I'**, which has a half-life of eight days, is now used exclusively, the thyroid 
preferentially concentrating iodine in its parenchymal cells and colloid. Because of $ 
the short penetrating power of beta radiation, damage to surrounding tissue does 
not occur. The practical and theoretical objections to the use of radioactive iodine 
are, first, that its results are not completely predictable, since individual patients 
and glands respond differently, and, second, that the possibility exists of radioactive 
iodine producing neoplastic changes in thyroid cells, although to date this action 


* Smelser, G. K., paper presented at the Annual Alumni Meeting, Institute of Ophthalmology, 
Presbyterian Hospital, New York, April 23, 1954. 
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has not been reported. It is the feeling of Sturgis ''* that radioactive iodine is far 
less likely to produce progressive exophthalmos during the course of controlling 
thyrotoxicosis than any other method of treatment. There are still '’* no certain 
clinical signs or symptoms which can be relied upon in predicting the appearance 
of malignant exophthalmos, but it is believed that if there is evidence of inflammation 
or edema of the conjunctiva or of ocular muscle imbalance, or if the patient com- 
plains of ocular discomfort, the possibility of such complications should be seriously 
considered. Stanbury and Means '** think that in such a case treatment with radio- 
active iodine or surgery should be undertaken with hesitation. It is possible to treat 
these patients safely, however, if they are prevented from entering a hypometabolic 
phase by the use of desiccated thyroid. Should exophthalmos appear, certain minor 
procedures may be helpful, such as teaching the patient to sleep in a semireclining 
position. The use of dehydration procedure, such as a low sodium diet, and the 
mercurial diuretics may be helpful. Surgical decompression is recognized as a last 
resort. 
On the theory that estrogenic substances decrease the function of the pituitary 
gland in a manne; analogous to that of the suppressive action of thyroxin, reports 
of the use of such substances have appeared.t Comments both in favor of '"? and 
against '** the use of parahydroxypropiophenone have appeared. This drug is a 
synthetic estrogen. Werner also has considered it ineffective. 

There have been a number of attempts to evaluate blood levels of thyroid-stimu- 
lating hormone.t The serum level of thyrotropin is usually significantly increased 
in cases with progressive exophthalmos, pointing again to the probable importance 
of this hormone in the production of malignant exophthalmos. As Smelser and 
Ozanics have suggested,'*® the evidence to date indicates that the exophthalmos- 
producing factor of anterior pituitary extract is either the thyroid-stimulating hor- 
mone or an extremely closely related substance. It is quite possible that the thyroid- 
stimulating substance at present available is composed of two or more fractions. 
Dobyns and Steelman '*' have achieved a partial separation of two hormones from 
the thyroid-stimulating hormone. Detrait '** and Simkin,'** among others, write 
similarly. Fornaro '** has observed that the thyrotropic hormone can be inactivated 
by contact with a small piece of retrobulbar tissue and that this inactivating effect is 
greater when the tissue is from the orbit of an exophthalmic thyroidectomized 
guinea pig. Cuendet and Cruchard '** have noted that the exophthalmos produced 
in guinea pigs by anterior pituitary extract injections can be controlled by prometh- 
azine (Phenergan), suggesting a localized disturbance in capillary permeability, 
or possibly a localized tissue allergy. 

The value, or lack thereof, of corticotropin and cortisone with relation to the 
progressive exophthalmos of hyperthyroidism remains a disputed point. Descrip- 
tions of successful,§ as well as unsuccessful,|| treatment are available. In animals 
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it has been demonstrated that one of the best ways to produce exophthalmos in the 
thyroidectomized guinea pig is to use corticotropin or cortisone alone with the thy- 
rotropic hormone. 

Nuzum,'” attempting to evaluate the role of water retention in retrobulbar tis- 
sues as a factor in the pathogenesis of exophthalmos, injected hyaluronidase into 
the orbit of the guinea pig and found a reduction in the amount of exophthalmos. 
The duration of enophthalmos was proportional to the amount of hyaluronidase 
injected. The reviewer is unaware of similar work in the human being. Even if 
such an effect was temporary, it might be useful as an emergency measure prior to 
tarsorrhaphy in fulminating cases. 

Ruedemann and Corrigan,'’’ noting that exophthalmos never occurs in pure 
pituitary disease, report on 22 cases of glandular type of exophthalmos which have 
been controlled by radioactive iodine. They point out that even though a patient 
may have a normal total iodine concentration rate, small foci of three or more times 
the normal activity may be detected in the thyroid gland with a Geiger counter. 
Success,'’* or partial success," with irradiation of the pituitary is reported. 

Concerning the surgical treatment of thyrotropic exophthalmos, a case of 
improvement following exploratory orbitotomy is reported, probably a coinci- 
dence.’ Poppen *"' deseribes the results of 78 bilateral orbital decompressions done 
at the Lahey Clinic. He notes that only 1 in 1,000 patients with primary hyper- 
thyroidism successfully treated for the toxicosis will develop exophthalmos to the 
degree that orbital decompression is desirable. He notes also that it may occur in 
thyroiditis and in toxic adenomas. He makes a point of “‘retro-orbital resistance” 
and observes that retro-orbital resistance is usually low when there is little chemosis 
and paralysis of the muscles, even though the proptosis may be considerable. The 
fatty content of the orbit is still normal and not yet replaced by connective tissue 
and lymphocytes. ©n the other hand, with increased retro-orbital resistance there 
is chemosis, lid edema, muscle paralysis, and optic nerve disturbance. Decompres- 
sion of the orbits is needed in these patients, even though the degree of exophthalmos 
may not be great. With the Naffziger technique, there have been no deaths. Two 
patients developed temporary frontal lobe signs, and one was made totally blind by 
the operation, the cause of which was not determined. Poppen further emphasizes 
that the degree of exophthalmos and extraocular muscle paralysis may improve up 
to seven years following decompression. It is difficult to see how this delayed 
improvement can be related to the decompression. Others # consider orbital decom- 
pression to be useful and safe procedure. The reviewer is not entirely convinced 
of the value of orbital decompression, particularly of the necessity of performing 
it by the transcranial route. The temporal, or Kronlein, decompression is certainly 
less traumatic, and it is equally, if not more, effective. Stanbury and Means urge 
that orbitotomy not be too rapidly undertaken. They feel that most patients can be 
tided over the acute phase of malignant exophthalmos without orbital decompression. 
Although the reviewer has not seen highly successful results following irradiation 
of the pituitary region, he has observed dramatic subsidences of severe exophthalmos 
following irradiation directed at the posterior part of the orbits. It is postulated that 
reduction in tissue volume is effected by destruction of lymphocytes, which are 
present in large quantities and which are notoriously sensitive to radiation. 
{ References 199 and 200. 
# References 202, 203, and 194. 
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One case of exophthalmos with toxic signs following administration of PAS *°* 
is reported, 
TUMORS 

Ingalls *’® has published in monograph form a description and tabulation of 216 
orbital tumors, representing 27 types, collected from 1934 to 1946 in the pathology 
laboratory of the Institute of Ophthalmology of the Presbyterian Hospital. This 
is a worth while undertaking, but any such statistical compilation is apt to be 
weighted because of the individual interests and reputation of the surgeons who 
supply the pathological material. The relative incidences of the commonest tumors 
are as follows: (1) angioma, 16.2% ; (2) pseudotumor, 13.4% ; (3) lymphosar- 
coma, 10.2% ; (4) dermoid cyst, 9.2% ; (5) carcinoma from the paranasal sinuses, 
7.4% ; (6) carcinoma of the lacrimal gland, 6.4% ; (7) retinoblastoma, 5.6% ; (8) 
meningioma, 4.6% ; (9) melanoma, 4% ; (10) neurofibroma, 3.7%, (11) carcinoma 
secondary to that developing in the eyelids, 3.7%. 


Pseudotumors always form an interesting group. Twenty-nine cases, 19 of 
which were of females, varying in ages from 9 to 74 years, occurred, with the great- 
est incidence in the 20-to-30-year group. Although in a typical case the onset is 
usually rapid, with evidence of an inflammatory element in the form of edema of the 
lids, chemosis of the conjunctiva, and associated radiating pain, there are, neverthe- 
less, cases in which the lesion is indistinguishable clinically, both before operation 
and at the operating table, from true neoplasms. 

Reese *’* has made a later review of the material from the same laboratories but 
excludes such conditions as tumors and mucoceles arising from the sinuses, meta- 
static lesions, and such rare conditions as arteriovenous aneurysms and the cranio- 
dysostoses. The order of frequency of tumors in his laboratories is (1) hemangioma, 
(2) lymphoma, (3) chronic granulomas (pseudotumors), (4) dermoid cysts, (5) 
mixed tumor of the lacrimal gland, (6) peripheral nerve tumors, (7) meningioma, 
and (8) astrocytoma of the optic nerve. He has summarized the proper treatment 
of such tumors as follows: 1. When the tumor is well demarcated and apparently 
encapsulated, the Kronlein approach is usually the one of choice. 2. When a deep, 
indistinct mass or resistance is palpable, the transconjunctival approach with palpa- 
tion of the mass is indicated. If the mass feels well encapsulated, then the Kronlein 
procedure can be used. If not, a biopsy specimen can be taken through the transcon- 
junctival opening. 3. When there are no palpable masses, and there is indentation 
of the sclera, as shown by retinal striae (considered an accurate sign), the Kronlein 
approach is warranted. When there is pressure on the optic nerve, causing atrophy 
or edema, an exploratory transconjunctival approach is indicated. If at that time a 
localized mass is encountered, the Kronlein procedure can be added. 

Of interest, also, is a thesis of Knudtzon,?"" which represents a study of 60 cases 
of exophthalmos collected from a total of 1,603 verified primary intracranial tumors 
observed during a 15-year period in the neurosurgical departments at Copenhagen 
and Aarhus. The incidence of exophthalmos in this group was 3.7%. Of these 60 
cases, 50% represented sphenoidal (pterygoid) ridge meningiomas and 14% menin- 
giomas in other locations. E-xophthalmos occurred in 5 of 110 pituitary tumors and 


in 2 of 99 acoustic neuromas. In general, exophthalmos is due to (1) hyperostosis 
of the meningioma, (2) invasive growth in the orbit, and (3) congestive changes of 
the orbital tissue, resulting from stasis of the cavernous sinus. 
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A series of 106 cases of verified sphenoidal ridge meningiomas is reported from 
the Mayo Clinic ; 72% of these occurred in women, with an average age of 47 years. 
Proptosis, which occurred in about one-third of the cases, was the commonest ocular 
complaint except for a visual disturbance. X-ray changes were observable in 80% 
and diagnostic in 50% of the patients.*°* About one-half of all cases of unilateral 
exophthalmos *°* are neoplastic in origin. At the Mayo Clinic transcranial removal 
of orbital tumors is preferred.*'® A stainless steel plate to replace the orbital roof 
is recommended. 

As would be expected, since hemangioma is the commonest primary tumor of the 
orbit, there are numerous case reports this year.* Reese **® notes that hemangiomas 
do not behave as true neoplasms because they have a limited power of growth and 
do not metastasize. The well-encapsulated ones are best removed by the Kronlein 
approach. 

Tumors secondary in the orbit and arising from the paranasal sinuses comprise 
another fairly large group, reports on which are scattered in the ophthalmological 
and otorhinolaryngological literature.t Tumors of this type, of course, carry an 
extremely poor prognosis. To preserve life, treatment must be early and of a radical 
nature. Not infrequently the disease has progressed so far by the time presenting 
symptoms make their appearance that treatment is usually biopsy for diagnostic 
purposes, followed by x-ray therapy as a palliative measure. 

The usual number of metastatic orbital tumors derived from the breast,t the 
testis,**’ the prostate,*** and retinoblastoma are recorded. 

Cases of orbital localization of the leukemias,$ as well as cases of chloroma,|! 
eosinophilic granuloma,**” plasma cell myeloma,**' and Hodgkin's disease,*** are 
described. 

Reports of neural tumors, including glioma of the optic nerve { and meningioma, 
have been made. Marshall *** and Reese # comment upon the frequency with which 
glioma of the optic nerve is associated with von Recklinghausen’s disease.*** 
Neurinomas involving the orbit are noted.* 

Several papers deal with exophthalmos in children.} It is not generally recog- 
nized that in children under the age of 14 cancer is the second commonest cause 
of death, accounting for 11% of total pediatric deaths. 

In a large group of unrelated papers, lacrimal gland tumors,?** one of which *°° 
on biopsy was thought to be a gumma, leiomyosarcoma,*** melanoma,t basal cell 
tumor of the malar bone,*°® sarcoma in a newborn,§ rhabdomyosarcoma,**? Ewing’s 
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tumor,*® cholesteatoma,*"* sebaceous cyst,*°* and pseudotumor are described. 
Mann **’ presents an unusual case of a 10-year-old girl who died of a meningioma 
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arising in the roof of the orbit six years after surgical removal of an astrocytoma 
of the optic nerve. The possibility was thought to exist that the meningioma was 
secondary to heavy radiation given the orbit. 

An unusual case of a chronic subdural hygroma compressing the orbit from 
behind is described,*"* as is the case of a fibrosarcoma,*"’ which was found to have 
eroded the left frontal region and to be contiguous with a glioblastoma multiforme 
in the frontal area. Parker **° discusses the surgical treatment of skin cancer in 
general and notes that after the tumor has invaded the orbit it is impossible to 
estimate the depth of the involvement and the invasion of bone. Hence adequate 
irradiation is problematical, and only by surgical eradication can the disease be 
eliminated. 


SURGERY 


The difference of opinion with regard to buried implants versus exposed implants 
continues, although, as last year, the trend is away from implants which are not 
entirely covered by conjunctiva. The most popular material remains plastic *”? 
or tantalum.*** Modifications of shape and size continue to appear.|| Although 
not popular in this country, the intrascleral implant has its advocates.*** The 
traditional individualism of ophthalmic surgeons is nowhere better demonstrated 
than in the types of operative procedures used for enucleation. 

Allen *** has thoroughly studied the mechanics of fitting ocular prostheses and 
has contributed valuable information. The subject, although of primary interest 
to the artificial eye maker, should, nevertheless, be understood by the ophthalmic 
surgeon, since the principles involved are important in plastic reconstruction of 
the anophthalmic socket. 

Ierpf,*** who was one of the pioneers in the development of plastic artificial 
eyes by the armed forces during the last war, has reviewed again the comparative 
virtues of glass versus plastic and believes that in tissue compatibility, esthetic 
features, durability, color permanence, adaptability of form, and cost and availa- 
bility, the plastic artificial eye has proved itself completely superior to glass. 

Four case reports and a description of a method for fitting prostheses into an 
obliterated socket are presented.*** This method consists of incising the con- 
junctiva parallel to the edge of the lid, the incision being carried inferiorly so as to 
produce a new fornix, into which a prosthesis is inserted. A tarsorrhaphy is per- 
formed to keep it in place. The reviewer used a modification of this method at 
one time and found contraction of the socket so formed to be inevitable. 

Several instruments for use in enucleation are described, one to facilitate 
the location and cutting of the nerve,**° and a snare to decrease bleeding.**? 

Of considerable interest is Berke’s *** report on the value of the Krénlein 

. orbitotomy in a series of 25 consecutive cases. The indications for the procedure 

are as follows: 

. Threatened loss of vision by exposure keratitis, or damage to the optic nerve or retina 

. Suspected primary malignant growth 


. Cosmetic improvement 


. Necessity for added exposure to remove a foreign body 
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The operation is contraindicated in the following conditions : 
Tumors anterior to the globe 
Tumors extending from adjacent structures, such as the sinus or nasal cavity 
Metastatic lesions 
Pseudotumors 


. Systemic disease, usually, such as thyroid disturbance, lymphoma, gumma, and tubercu- 
losis 


He states that, contrary to the teaching of Dandy, the transcranial approach 
orbital tumors should not be used, for the following reasons : 


1. Less than 30% of orbital tumors invade the cranial cavity. 

2. The orbital tumor may be missed by a transcranial approach (which the reviewer also has 
observed ). 

3. There is a risk of fatal infection from entrance into the ethmoid cells. 


The mortality of such an operation is about 4%. 


serke believes that gliomas should be removed by the lateral approach because 
they recur only very slowly, if at all, and the intracranial approach endangers the 
sight of the other eye. He notes in the literature concerning the transcranial removal 
of gliomas that of some 25 patients, more than half either died or were blind 
after the operation, Prior to operation the preoperative diagnosis can be established 
with certainty in over 60% of the cases. If there is intracranial extension of 
the tumor, it can usually be determined by careful preoperative investigation. 
In his series, the surgical complications occurring at the time of operation were 
damage to the muscles, in two cases, and rupture of the tumor, in six cases. Of 
the postoperative complications, vitreous hemorrhage, occlusion of the central 
retinal artery, rounded outer canthus, granulation tissue at the outer canthus, and 
corneal anesthesia were each noted in one case. Temporary weakness of the levator 
muscle appeared in two cases. A complete review of the anatomy of the area and 
the technique of performing the orbitotomy, using the Stryker saw, may be found 
in this article. 

Other articles advocating the superior orbitotomy or combination of the superior 
orbitotomy with the Kronlein operation are reported.# 

Individual case reports describing reconstruction of the socket following the 
usual techniques with epidermoid and buccal mucosal grafts are reported.* Shukla *°° 
describes the reconstruction of a lower fornix by using a pedicle graft from the 
skin of the upper lid. This is a single case report in which the result admittedly 
was not 100% satisfactory from the cosmetic point of view. The method would 
seem to have the obvious disadvantage of mixing skin and conjunctiva and does 
not appear to have any advantage over methods currently in vogue. 

Dollar and Savory,*” after describing the usual technique for exenteration of 
an orbit, suggest the use of a “syrup-like alginate” to produce a firm support for 
the skin graft. 

Of considerable interest is Allen’s 7°’ suggested use of peritoneum as a sub- 
stitute for conjunctiva, both in orbital repairs following complications of enuclea- 
tion and in the presence of the intact globe, where the absence of conjunctiva makes 
corneal transplantation impractical. 
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This material must, of course, be autogenous and will require the assistance 
of a general surgeon to secure the donor material. The reviewer has investigated 
this material in animals only, but is looking forward to using it in such cases 
as ocular pemphigus, lye burns, or Stevens-Johnson disease, where the possibility 
of obtaining usable vision may justify the procedure. 

Reconstruction of the orbital floor in cases of fracture continues to occupy 
the attention of ophthalmic surgeons.+ Henderson **" reports a case in which the 
orbital volume was reconstituted by the insertion of a triangular piece of polyvinyl 
sponge directly into the periorbital fat, rather than subperiosteally. As indicated in 
last year’s report, we are by no means certain of the ultimate fate of plastic 
materials in the human body over prolonged periods. Whether the carcinogenic 
qualities exhibited in mice will be paralleled in the course of 15 or 20 years in 
the human being is something which the ophthalmic surgeon should bear in mind 
and be constantly on the watch for. To date no such case has been reported. 

Most plastic surgeons believe that autogenous material, preferably bone, is 
still the material of choice.“°’ Homogenous cartilage “’! and that obtained from 
animals { do not remain permanently in position but are gradually resorbed. 

Whether retrobulbar injection of alcohol or of such substances as acetylcholine 
is a harmless procedure is a matter for argument.§ Payne and Reed describe 73 
patients so treated for retinal arteriole occlusion, 5 of whom developed ocular 
paralysis. Three of these recovered promptly; another, after five weeks, and one 
remained unimproved after six months. Corneal anesthesia was permanent in 
three patients. It should be noted that only 1 of these 73 patients showed any 
improvement so far as the arteriolar occlusion was concerned. 

The reviewer has felt that while there are many instances in which orbital 
and socket reconstructive surgery give highly satisfactory results, the surgeon 
should approach such procedures realistically and be certain in his own mind, 
before undertaking them, that the cosmetic result will justify the effort. Rank * 
has summed up this problem well and urges plastic surgeons to avoid facial 
surgery, particularly orbital, when the end-result is almost certain to be poor. 


Unless a mobile upper lid is present, the cosmetic effect of plastic surgery about 


the eye is but a caricature of the normal. The interests of the patient are best 
served in such cases by use of a black patch. 

30 W. 59th St. 
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Correspondence 


STERILE AIR IN INTRAOCULAR SURGERY 


To the Editor:—I read with much interest the Clinical Note entitled “Sterile 
\ir in Intraocular Surgery,” by Dr. Paul C. Craig, in the May 1954 issue of the 
Arcuives, page 701, For a few years I have been using what | believe to be sterile 
air, but have obtained it by a different method, without cause of complaint. 

In a metal box with a tight-fitting lid, | introduce a glass syringe already 


adapted to its cannula or needle, depending on the use for which it is meant, with 
the plunger pulled back so as to allow in it the quantity of air desired, and I place 
the closed box, with the syringe inside, in a dry-heat sterilizing stove. After an 
hour at 160 C. I believe the syringe is sterile. The box is opened and the air 
filled syringe removed only at the moment it is needed. 


IX. CorreEA DE Barros, M.D. 
Av. dos Aliados, 184-1 
Porto, Portugal. 
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Epirep BY Dr. W. L. BENeEpICT 


GENERAL NEWS 


Postgraduate Course in Ophthalmology and Otolaryngology, University of 
Virginia.—.\ Postgraduate Session in Ophthalmology and Otolaryngology, spon- 
sored by the Virginia Society of Ophthalmology and Otolaryngology, will meet at 
the University of Virginia from Nov. 30 to Dee. 3, 1954. 

The first two days, Nov. 30 and Dee. 1, will be devoted to lectures in otolar- 
yngology, and the second two days, Dec. 2 and 3, to ophthalmological subjects. 
Those interested may write Dr. Edwin Burton, 307 IX. Market St., or Dr. G. 
Slaughter Fitz-Hugh, 104 IX. Market St., in Charlottesville, Va. 


Officers of Section on Ophthalmology, American Medical Association. | he 
following officers were elected at the recent meeting of the Section on Ophthal- 
mology, American Medical Association, in San Francisco: Chairman, Dr. Erling 
Hansen ; Vice-Chairman, Dr. Watson Gailey, and Secretary, Dr. Harold G. Scheie 
(elected at the 1953 meeting for a term of three years). 

The Prize in Ophthalmology was presented to Dr. Otto Barkan, of St. Louis, 
for his large part in popularizing modern concepts of glaucoma, for his writings 
and teachings that goniotomy occupies the prominent role in the surgery of 
congenital glaucoma today, and for his good work in the field of ophthalmology. 


Color Television to be Shown at Two Ophthalmological Meetings.—-ramati 
cally magnified views of eye surgery, televised in color, will be a feature of the 
scientific teaching program at both the XVII International Congress of Ophthal 
mology, convening Sept. 14 to 19, and the Annual Meeting of the American 
Academy of Ophthalmology and Otolaryngology, Sept. 19 to 25. 

The Medical Color Television Unit of Smith, Kline & French Laboratories, 
the Philadelphia pharmaceutical firm that sponsors and produces all medical color 
casting at postgraduate meetings, will present the program for each meeting. All 
televised sessions will originate from the operating suite of the New York Eye and 
Ear Infirmary and be received in the empire Room of the Waldorf-Astoria, head 
quarters for both societies. 

A projection-type receiver, one of two specially built for Smith, Kline & French 
by the Columbia Broadcasting System, should be of particular value for televiewers. 
quipped with a 44 by 6 ft. screen, the receiver projects a picture 27 times as 
large as the small screen sets used originally by the Smith, Kline & French Unit. 
An eye undergoing surgery or being demonstrated will appear from 3 to 4 ft. wide 
on the sereen, enabling more than five hundred persons to see a clear projected 
image. 

Since the Annual Meeting of the American Medical Association in 1949, when 
Smith, Kline, & French presented the first color television ever seen by the public, 
more than 300,000 doctor-visits have been paid to over 1,100 operations and clinics 
presented at 59 medical meetings in this country, Canada, and l:urope. 


Course on Glaucoma, Brooklyn Eye and Ear Hospital.— A course on glaucoma, 
with particular emphasis on gonioscopy and study of the anterior angle, will be given 
at the Brooklyn I-ye and Ear Hospital on Novy. 15, 16, and 17, 1954. Ample oppor 
tunity for practical instruction in the use of the gonioscopic lens will be given, and 
material from the glaucoma clinic will be utilized. 


491 


‘ 


M. A. ARCHIVES OF OPHTHALMOLOGY 


The course will be given by Dr. Daniel Kravitz, assisted by Dr. Walter V. 
Moore, Dr. Mortimer A. Lasky, Dr. Harold F. Shilback, and Dr. Arthur Shain- 
house, 

Registration is limited to six ophthalmologists only. 

Application and the fee of $40 may be addressed to Dr. Daniel Kravitz, Brooklyn 
Ikye and Ear Hospital, 29 Greene Ave., Brooklyn 38. 


International Council of Ophthalmology.—A new “Index Ophthalmologicus” 
will be published by the International Council of Ophthalmology, containing the 
names and addresses of ophthalmologists, and particulars of the ophthalmological 
societies, the main eye hospitals and institutes, and the ophthalmological periodi- 
cals throughout the world. 

This volume will be obtainable at the XVII International Congress of 
Ophthalmology in September, 1954, Montreal and New York, price $2.50, or it 
may be obtained directly from the secretary, Dr. A. C. Copper, Coechoornsingel 42, 
Zutphen, Netherlands, after the date of the Congress, price $2.75, or its equiva- 
lent in other currency. 


SOCIETY NEWS 
New Orleans Academy of Ophthalmology Mid-Winter Convention.— | he Mid- 


winter Convention of the New Orleans Academy of Ophthalmology, to be held 
Jan, 31 through Feb. 4, 1955, will feature 4 symposium on ocular motility by 
Francis Hleed Adler, M.D., Harold W. Brown, M.D., Hermann M. Burian, M.D., 
Frank D. Costenbader, M.D., Walter Hl. Fink, M.D., George P. Guibor, M.D., 
Philip Knapp, M.D., and Kenneth C. Swan, M.D. The program will include round- 
table discussion periods. 

The registration fee of $75 includes associate membership in the Academy for 
the year 1955, as well as all other features of the convention. 


Annual Meeting, American Ophthalmological Society.—Jlhe Annual 
Meeting of the American Ophthalmological Society is to be held at The Green- 
brier, White Sulphur Springs, W. Va., June 2, 3, and 4, 1955. 

The officers for the year 1954-1955 are as follows: president, Dr. Everett L. 
Goar; vice-president, Dr. Alan C. Woods; secretary-treasurer, Dr. Maynard C. 
Wheeler, and editor, Dr. Gordon M. Bruce. 


SCIENTIFIC EXHIBITS 


The A. M. A. Arcuives or OrpHTHALMOLOGy is pleased to introduce in this 
issue a new feature called “Scientific Exhibits.” 

This feature attempts to preserve in more permanent form some of the instruc- 
tive Scientific Exhibits that are presented at the Annual Meetings of the American 
Medical Association. Although thousands of physicians attend the Annual Meet- 
ings, viewing and studying the scientific exhibits at first hand, other thousands are 
unable to attend. For the first time, the latter group is now given the opportunity 
to see the exhibits reproduced in the pages of the various A. M. A. Specialty 
Journals. 

While it is at present impossible to publish all the Scientific Exhibits presented 
at each Annual Meeting of the American Medical Association, it is feasible to 
select a representative few for the purpose of introducing the new feature to the 
readers of this periodical. Should “Scientific Exhibits” be well received, it is 
planned to expand the new department in future issues of the A. M. A. ArcHives 
OF OPHTHALMOLOGY. 
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Physiology of the Eye: Clinical Application. Second dition. By Francis Heed 
Adler, M.A., M.D. Price, $13.00. Pp. 734, with 329 illustrations, including 


3 in color, C. V. Mosby Company, 3207 Washington Blvd., St. Louis 3, 
1953. 


The first edition of Adler’s “Physiology of the Eye,” reviewed in the May, 1951, 
issue of these Arcuives, became exhausted during the latter part of 1952. Having 
gained, by that time, the status of a standard text, its unavailability during most of 
1953 was keenly felt by teachers and students of basic ophthalmology. This situation 
was relieved by the publication of the second edition, which now lies before us. 

The general character of the book has remained unchanged. The new material 
that has been included serves principally to complete or strengthen previously 
established concepts rather than to introduce new concepts. 

To start with the author’s pet chapter, ocular motility, the sections on the so- 
called position of rest and the fusion-free position have been considerably enlarged. 
The stress is on the existence of a characteristic position of rest for each state of 
activity or inactivity of the central nervous system. “The closest approach to a 
position of rest of the eyes in the waking state is a vacant stare into space, no attempt 
being made to discern any objects.” The fusion-free position is markedly dependent 
upon the method used to eliminate fusion. As tested routinely by the ophthal- 
mologist, it certainly is no position of rest but, rather, is one of intense accurate 
fixation. Fixation, illumination, and attention are some of the factors that reflexly 
influence the postural tonus of the ocular muscles. Adler makes extensive use of 
Posner’s theory of some phylogenetically older, ‘‘archaic,” motility patterns account- 
ing for some of the divergence and sursumvergence phenomena observed in man. 

Only objective methods for the demonstration of torsion are listed; the aiter- 
image method and its results have been omitted. The oculogyric centers in man are 
now more precisely known, as the result of Penfield’s stimulation experiments. ‘The 
multiple innervational processes concerned with or resultant in convergence are 
listed. Thus, the ground is paved for the understanding of the comitant esotropia 
of infancy. 

The chapter on visual acuity has been expanded considerably. The effects of 
diffraction at the pupillary border and of refractive errors are discussed in greater 
detail than in the first edition. [Extensive use has been made by the author of a 
type of illustration called a stereogram, in which the cone mosaic occupies the 
XY-plane of space coordinates and the respective amounts of the stimulus, that is, 
light, the XZ-plane. These illustrations serve particularly well to represent the 
distribution of light over the individual photoreceptors and the discrepencies 
between geometric and physiologic retinal images. A discussion on the Stiles- 
Crawford effect has been incorporated in the section dealing with the influence of 
the size of the pupil upon visual acuity. Other important additions are the dis- 
cussions of such factors as the distance between the individual optotypes on the 
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Snellen chart as it influences fixation, lid pressure as it influences the shape of 
cornea and eyeball, and the precorneal film as it smoothes out the anterior corneal 
surface. 

Only with regard to the chapters on ocular fluid exchange would the reviewer 
have wished that the publication of the second edition could have been delayed 
another six months so as to enable the author to include the lessons learned from 
the now well-established differences in composition and transfer ratios between 
posterior and anterior chamber fluid contents (posterior and anterior aqueous). 
This would have been particularly appropriate, for the author, about 20 years ago, 
was the first to demonstrate in vivo glucose concentration gradients within the 
vitreous body. It is unfortunate that secretion-inhibiting agents could not be 
included. But how could any modern, 700-page medical text be expected to be 
up-to-date in every respect on the day of its publication ? 

The principal significance of the publication of Adler’s second edition lies in the 
fact that it assures continuity of the guiding and stabilizing influence that sound 
physiologic reasoning should have on all ophthalmologic actions. 


Biologie du cristallin. Ky Jean Nordmann. Price not given. Pp. 730, with 163 
illustrations. Masson & Cie, 120 Boulevard Saint Germain, Paris, 1954. 


This monograph, in French, is another valuable contribution sponsored by the 
French Ophthalmological Society. The volume is divided into two sections, the first 
200 pages covering the normal lens—its embryology, anatomy, physical and chemical 
properties, and immunology. The following 400 pages are concerned with cataracts ; 
the pathological anatomy, the physical and chemical changes which occur in cataract 
formation, the pathogenesis, and the medical treatment of cataracts are all given 
in detail. 

The print and general make-up of the book are excellent and maintain the same 
high standard that the previous monographs have set. The book will be useful for 
all ophthalmologists with a reading knowledge of Irench. 


Perimetry. Joshua Zuckerman. Price, $10.00. Pp. 391, with 155 illustrations. 
J. B. Lippincott Company, EE. Washington Sq., Philadelphia 5, 1954. 


According to the preface, this book presents a new and unconventional approach 
to the subject, “which introduces the entire field of perimetry in a simple, natural, 
evolutionary manner, analogous to the method generally used in teaching a new 
language.” 

The first two parts of the book are devoted to this pedagogical method, and 
include the first seventeen chapters. Part III, Chapters 18 to 25, reviews the 
material already presented and adds supplementary data. The reviewer is not 
impressed with the pedagogical method adopted. In place of a logical development 
of thought, the first part of the book consists of isolated paragraphs, each with a 
heading in heavy type, which do not follow one another in any logical sequence, 
but merely constitute isolated definitions. For example, on page 18, the headings 
listed in bold face are as follows: Response—keenness or sensitivity of the retina; 
Distance between the eye and the point of fixation; Isopter—a meridian, a degree, 
an art. While it is true that this whole section is included in what the author calls 
the “vocabulary and the language of perimetry,” it would serve a more useful 
purpose if the items were arranged in some alphabetical order to constitute a 
glossary. It is disconcerting even to a beginner to become acquainted with isolated 
terms, and it is hard to imagine anyone reading page after page of such data. Some 
of the author’s concepts are original, and may be helpful in visualizing the intri- 
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cacies of the visual pathways, but in general they seem only to add more of a burden 
than the diagrammatic reconstructions we are all familiar with. The Zuckerman 
cross, a perspective view of the crossed and uncrossed nerve fibers in the optic 
chiasm, pictured as a Chinese lantern, is no improvement over the line drawings 
found in previous books on the subject. The Zuckerman color code for isopters, 
obtained with various colored test objects, proposes to substitute a standardized 
system of dots and dashes for each color used in charting visual fields taken with 
colored test objects. The author correctly calls attention to the fact that there is no 
standard code at present by which isopters are uniformly represented, and he 
correctly states that “never before have dots, lines, dashes or combinations of these 
been used other than indiscriminately to represent individual color isopters.” It 
seems questionable whether this particular code has such distinct advantages that 
it will receive universal acceptance, as the author hopes. The chapters on perimetric 
studies in specific disease condtions are well done. 


Gehirn und Auge. Robert Bing and Roland Bruckner. Price, 28.00 fr. Pp. 248, 
with 147 illustrations. Benno Schwabe & Co., Klosterberg 27, Basle 10, 1954. 


The third edition of this well-known text on neuro-ophthalmology covers the 
entire field of recent developments, but, unfortunately, will be of value only to those 
who read German readily. Some German texts are easy to read, and others are 
extremely difficult because of the author’s style and phraseology. This book belongs 
in the latter category. 


Advances in Ophthalmology. Volume III. [*dited by FE. B. Streiff. Price, 39.50 
Swiss fr. Pp. 336. S. Karger, Ltd., Holbeinstrasse 22, Basle, 1954. 


The current issue of this volume, in German, [:nglish, and French, on recent 
advances in ophthalmology includes an original paper by H. A. Feldman entitled 
“Laboratory Methods in Current Use for the Study of Toxoplasmosis,” in Inglish ; 
a review of the literature on the retina for the years 1946 to 1951 by V. Bischler, 
of Geneva, in French; a review on the eye and the vegetative nervous system 
for the same period by R. Brickner, of Basle, in German; a review on the pupil 
over the same period of the literature by G. Maeder, in French, and an original 
paper on physical therapy by H. M. Dekking, of Groningen, in English. 


Retinal Circulation in Man and Animals. ly |. C. Michaelson. Price, $6.75. Pp. 
146, with 95 illustrations. Charles C Thomas, Publisher, 301-327 Ie. Law- 
rence Ave., Springfield, 1954. 


The author has made preparations of the retinal vessels of various species of 
vertebrates after the injection of India ink into the circulation. The anatomy of the 
vascular tree and its development in the various species are compared in an effort 
to throw light on the anatomy and development of the vessels in man. Not only is 
the book of value because of its exposition of comparative anatomy, but considerable 
light is thrown on the pathogenesis of vascular disease in humans. l‘or example, the 
author has found evidence that the development of retinal vessels in mammals is due 
to the presence of a factor or factors in the retina affecting the growth of the vessels. 
This factor is present in the extravascular tissue of the retina, chiefly in the neigh- 
borhood of the veins, so that its action is on the retinal veins predominantly. This 
finding may open up new approaches to the study of those diseases frequently asso- 
ciated with neovascularization. As Dr. Jonas S. Friedenwald states in the foreword, 
this monograph is thoughtful, scholarly, and thought-provoking. 
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French’s Index of Differential Diagnosis. Idited by Arthur H. Douthwaite, M.D., 
with 18 contributors. Price $20.00. Pp. 1,046, with 731 illustrations, 200 in 
color. Williams & Wilkins Company, Mt. Royal & Guilford Aves., Balti- 
more 2, 1954. 


The first edition of this classic text was published in 1912. It has gone through 
seven editions, this last being edited by Dr. Douthwaite after Dr. French’s death 
in January, 1951. It is a very useful book for all physicians. The ophthal- 
mological sections are especially well done, and the illustrations of the fundus 
in color are particularly commendable. 
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From its distinguished list of 
British Optical instruments . . . 


CURRY & PAXTON 


LIMITED 
of London, England 


AIMARK PROJECTION present the 


ear AIMARK PROJECTION PERIMETER 


HAND. SLIT LAMP 


& 


$595 Developed by the Royal Air Force during World War II from 
DIAGNOSTIC the design of Prof. Maggiore. The Aimark Projection Perimeter pre- 
sents a test stimulus which is under control as to size, brightness and 
colour in all parts of the field. It is capable of smooth and silent move- 
ment by means of a mechanism demanding minimum attention on the 
doctor's part. It is a precise means of detecting the position and inten- 
sity of lesions in the visual pathway. An additional feature is auto- 
matic recording. 
; Write for Brochure AO-8 and further information 
ROLLERTOP TRIAL on this and any other optical instruments listed 
CASE & TEST LENSES FOR YOUR PROTECTION AND CONVENIENCE 


Complete service, repair and parts department in our New York workshops 


ee CURRY & PAXTON INC. 
101 PARK AVENUE - NEW YORK 17, N. Y. 
Sole importers to the U.S.A. for 
ALLIED INSTRUMENTS MANUFACTURERS, LTD. 
CURRY & PAXTON, LTD. 
CLEMENT CLARKE, LTD. 
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SURGICAL INSTRUMENTS CO., INC., 
520 FIFTH AVENUE, NEW YORK 36, N. Y. 
LONDON ESTABLISHED 1875 PARIS 


Castroviejo 


Improved Needleholder 
US. Pat. No. 2,652,832 — " 
This stainless steel nee- 
dleholder has delicate un- 


knurled jaws which hold 

the finest surgical needle, thread or hair, and may be used as an epilation forceps. The jaws 
are slender and the joints slightly rounded to prevent catching sutures while tying. ‘The 
locking mechanism has been greatly improved making for more efficient and smoother per- 
formance of the instrument. Spring may be disengaged to facilitate cleaning. — Price $22.50 


Castroviejo Mosquito Lid Clamp 


‘Two or more of these little lid clamps may be used to obtain unusually 
wide exposure without canthotomy. They do not traumatize the lids but 
maintain a firm grip in the direction of tension. ‘They are attached to the 
drapes by means of sutures which may be stitched to the covers or held 
in place with mosquito clamps. In stainless steel. 


Cat. No. C5382 Price each $4.00; 4 for $15.00 


Visit Us at the 17th International Congress of Ophthalmology -Sept. 12-17 and the A.A.0.0. 
Convention—Sept. 19-24. Waldorf-Astoria, N. Y., Booths 118-119 


Specialists in ALL TYPES of Plastic and Glass 
Artificial Human Eyes Exclusively 
MADE TO ORDER IN OUR OWN LABORATORY 


Doctors are invited to visit 


REFERRED CASES CAREFULLY ATTENDED 
AND SATISFACTION GUARANTEED 


EYES ALSO FITTED FROM STOCK 
Plastic or Glass Selections Sent on Memorandum upon Request 
Implants and Plastic Conformers in Stock 


FRIED ann KOHLER, INC. 


665 FIFTH AVENUE NEW YORK, N. Y. 
near 53rd St. Tel. ELdorado 5-1970 
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RAPID ACTION 


A TIME SAVER IN CYCLOPLEGIA AND MYDRIASIS 


A new, virtually non-irritating cycloplegic-mydriatic compound with 
marked advantages in rapidity of action (30-60 minutes), depth of depression of 
accommodation, and promptness of recovery ... 12-24 hours without a miotic... 


Now... Council Accepted 


S 
CYCLOGYL.= 


Hydrochloride 
brand of CYCLOPENTOLATE hydrochloride 


Effective in cases of darkly pigmented eyes normally refractory to cycloplegics,,; CYCLOGYL 
Hydrochloride does not appreciably affect intra-ocular pressure, and may be used with safety in 
all age groups. It “may successfully replace, or will certainly be a useful adjunct, to the use of 
homatropine and even atropine for routine office refraction.” 

Write for literature 


CYCLOGYL (Hydrochloride) Available in 0.5% and 1.0% Solution, in 15 cc. Bottles; 1.0% Solu- 
tion, in 2 cc. Bottles 


Schiffjelin g Co. 9 pharmaceutical and research laboratories since 1794 


18 Cooper Square, New York 3, N. Y. 


1, Gettes, B. C., and Leopold, I. H.: A. M. A. Arch. of Ophth, 49:24 (Jan.) 1953. 
2. Stolzar, I. H.: Am. J, Ophth, 36:110 (Jan.) 1953. 


RAPID ACTION 
RAPID RECOVERY RAPID RECOVERY 


115 Fulton Street 


We are one of the oldest, and most reputable wholesale opti- 


cians in the east, serving the discriminate ophthalmologist. 


An inquiry from you will bring a representative at your con- 


venience to outline our superior service plan. 


MAX ZADEK, INC. 


established 1904 


New York 38, N. Y. 


The Berman Metal Locator 


An electromagnetic detecting device that quickly 
and accurately locates metallic foreign bodies, in- 
cluding magnetic intraocular foreign bodies. Metal- 
lic fragments are readily detected from a satisfactory 
distance through intervening bone, tissue and fluids. 
Probing or physical contact with the foreign body is 
not required for detection. 

The thin sterilizable probe provides preoperative 
localization, “‘pin-point” accuracy within the incision 
and postoperative check. 

Lends precision to foreign body surgery and greatly 
reduces surgical trauma. 


BERMAN LABORATORIES 


112-03 Rockaway Bivd. Ozone Park 20, N.Y. 


[Hide Your byes 


When a person has his picture taken wearing 
lasses, ever notice the reilections on the lenses? 
hese are “ghost images.” MAY-O-LITE, a Low 
Reflection Lens Coating, reduces reflections up 
to as much as 95 per cent, yet increases light 
transmission. 


Complete Your Professional Service By Adding 


The Best in Sight 
MAY-0O-LITE 


Low Reflection Coating 


MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. 


Dea you dispense glasses? 
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Conover- Spaeth 
MAGNETIC CAMPIMETER 


*EDMUND B. SPAETH, M.D. 
PHILADELPHIA, PA. 


This new precision instrument gives 
accurate determinations and correct 
configuration of the visual field with 


great savings of time and effort. 


The Conover-Spaeth Campimeter 


is 24” square. It is placed on a table 
with the patient seated in front, his 
eye positioned 10.” from the central 
fixation point. The operator, stand- 
ing behind the screen, facing the 
patient and looking directly into the 
patient's eye, is able to detect the 
slightest wavering. The test object is 
introduced to the visual field from a 


“Concealment Circle’ and is con- 


trolled by a magnet from the back of 


the campimeter. The patient is not 


able to anticipate or even guess on 


which radius or from which side, 
rightorleft, the test object will appear. 

This assures accuracy and elimi- 
nates time-consuming rechecking. 

The back of the campimeter is 
clearly marked in degrees of the 
circle and angles of vision to con- 
form to the standard Berens chart. 
Each radius tested is immediately 
entered on the chart . . . No markers 
to be placed or removed, 

The time saved in each examina- 
tion Creates Opportunities for more 


“fhelds’’ or other office work. 


vVABSOLUTE ACCURACY 
vVFAR FASTER 


Write for detailed information. 


MANUFACTURER AND GENERAL DISTRIBUTOR 


GEORGE P. & SON CO. 


3451 WALNUT STREET PHILADELPHIA 
HEADQUARTERS FOR INSTRUMENTS FOR OTORHINOLARYNGOLOGY 
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OPHTHALMIC INSTRUMENTS 
OF PRECISION 


15 WIGMORE STREET, 
LONDON, 
ENGLAND. 


troutman integrated 
magnetic implant 


Integration of the Troutman magnetic implant 


is accomplished without the use of a pin 


attachment for direct transmission of motility, 
but through the use of a magnetic field which 
is created between the implant and the 
prosthesis by the use of magnets in both. This 
R. C. Troutman, M.D. allows complete coverage of the implant by 


Developed by 


Tenon’s and the conjunctiva and still maintains 
positive integration. 


Mager aud Gougelman, ine. 


30 NORTH MICHIGAN AVENUE - CHICAGO 2, ILLINOIS 


DETROIT * CLEVELAND * KANSAS CITY * MINNEAPOLIS * NEW ORLEANS ® ST. LOUIS 
NEW YORK * BOSTON * BUFFALO * PHILADELPHIA * PITTSBURGH * WASHINGTON 
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ISS KAY 


40- 18-20-22 


So young, so delightfully poised for even the most demanding 
EMPHATONE (clear bridge): 


BURNT STRAW crystal 
MINK (crystal durable ... easily adapted to her changing features. 


Junior Miss. Exquisitely styled in a myriad of gay colors... light, bright, 


SLATE ‘crystal 


WISTERIA crystal THE KONO MANUFACTURING COMPANY ——_ 
69-24 FORTY-NINTH AVE., WOOBSIDE, WN. 
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Sterilizer 
... Hot Air 


1. Constant temperature 
2. Forced circulation 


To assure even temperature 


3. Well insulated, 


Economical 


4. Fully automatic 


; Price : $225.00 


To eliminate corro- Higher temperature of hot air sterilization 
sive damage to sharp, delicate eye is still well below point at which temper 
instruments so frequent in boiling, of sharp instruments would be affected. 
autoclaving, and some cold steri- Sterilizer is fully automatic and includes 


lizing agents. 


automatic interval timer, visual dial type 


thermometer and indicator light. Forced 
\ circulation assures even temperature on 
The trays measure 13/16” x 


all shelves. Efficient insulation assures safe 
5 5/16” x 10%”. The sterilizing external temperature and economy of op- 


compartment measures 6%” x 
10%" x 6%” deep. The overall 


outside measurements are: length S. 
194”, width 11%”, height 145%”. 
The weight is 41 pounds 


eration. 


4570 AUDUBON AVE. 


MANHATTAN EYE, EAR 
AND THROAT HOSPITAL 


Announces a five-month supple- 
mentary clinical course for graduate 
registered nurses in the nursing care 
and treatment of diseases of the eye, 
ear, nose and throat. Operating room 
training is included in the course. 


During the entire period the stu- 
dent will receive a monthly stipend 
of eighty dollars ($80.00) and full 
maintenance. 


A pamphlet detailing more com- 
plete information will be sent upon 
request. 


Apply to Director of Nursing Service 
210 East 64 Street, New York 21, N. Y. 


Iustrument C. 


ST. LOUIS 10, MO. 


INTERNAL MEDICINE 
MARCHES ON 


A.M.A. Archives of 
INTERNAL MEDICINE 


reports progress in 
research and observation. 


A monthly publication con- 
taining original studies, case 
reports, book reviews, news 
and comment . . . compiled 
for the general practitioner 
as well as the specialist . . . 


YEARLY $10.00 CANADIAN $10.50 FOREIGN $11.50 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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New Frame Development 


Y 
created by Continental Optical Company « Indianapolis 


Makers of fine Gold Filled and Combination Eyewear, 
Ultex Bifocals and Trifocals, Kurova F Fused Straight 


Top Bifocals, Kurova Corrected Curve and Conoptex Lenses, 
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THE TREPHINE— A new model with a specially designed 
little motor of unusual power and smoothness, for quick, 
clean cutting, even with the larger sizes of transplant 
cutters. A convenient finger control switch gives you 
instant start or stop of the trephine blade. Light weight, 
beautifully, precisely built and balanced, the trephine is 
furnished complete in a fitted case with two cutting 


THE NEW MUELLER 
CORNEAL TREPHINE 


Electric 


ALSO DRIVES 
THE WITZEMAN CORNEAL BUR 


Balanced—Smooth, Clean Cutting 
Complete with Special Battery Box 


THE WITZEMAN BUR—A round, me- 
dium size (0.9 mm.) corneal bur mounted 
on a short shank that is interchangeable 
with the Green-type cutting blades on 
the Mueller Electric Trephine. A very 
useful and efficient instrument for the 
removal of stains, 
rings, etc., following 
extraction of ocular 
foreign bodies. (Other 
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blades (1.5 mm. and 2 mm.) and including a special long- _ sizes, special, to order.) 
life battery box. Each, $97.50 Each, $3.50 


Order Direct From Us—Instrument Makers To The Profession Since 1895 


DA Maeller ¢ Ce: 


330 SOUTH HONORE STREET 
CHICAGO 12 ILLINOIS 


Follow Current 
Developments in Pediatrics with 
the A. M. A. American Journal of 
DISEASES of CHILDREN 


Significant contributions, amply illustrated. 


Today’s practice and opinion among notable workers in pediatrics. 


Brilliant editorial leadership: Citrrorn G. Gruter, Chief Editor, Evanston, Ill. 


SAMUEL Z. Levine, New York 


AMERICAN MEDICAL ASSOCIATION Rocer L. J. Kennepy, Rochester, Minn. 


535 N. Dearborn St., Chicago 10, — , 


Please 
Journal 
Issue 


Begin My Subscriptior M. A. 
of DISEASES of 


$13.50 FOREIG 


to American 
CHILDREN with the Next 


M.D. 
STREET 
CITY & STATE 


$12.00 YEARLY 


N $12.50 CANADIAN 


Francis Scott Smytu, San Francisco 
Rorert B. Lawson, Winston-Salem, N. C. 


A. A. WeecH, Cincinnati 


James L. Wirson, Ann Arbor, Michigan 
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For Trial Frame 


The Lenscorometer 
originated by Austin Belgard 


for mea- 


suring vertex dis- 


tance of trial lens 


and patient's glasses 


Use Lenscorometer in all cases of aphakia, 
+- OR — corrections of four diopters or 
more—a necessity to insure true transla- 
tion of prescription. 


Each $11.75 


Stereoscopic Cards 


by GUIBOR 


Can be used with the Stereocampimeter, Synopto- 
scope, Rotoscope and similar instruments; also with 


regular stere 
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NEARPOINT “E” CHART 


TO BE HELD FOURTEEN INCHES FROM THE EYE 


Actual size 6" x 6” 


DISPENSING SERVICE Z Tn 


INC. \oO Wilmette Office: 


Loop Office: 


109 N. Wabash, at Washington 
9th Floor STate 2-5362 


New Near Chart 


oscope. For adults and children. 


Set $4.75 


GUIBOR Symbol Near Chart now available 


in durable and soilproof plastic. Gives dis- 


tance equivalents, as well as quantitative 


measurements for near vision. FE Symbol 


understoc 


Place your order now. 


by all. 


OPHTHALMIC 


OPTICIANS 
WHOLESALE SERVICE 


Ui 
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CHICAGO, ILL. (Formerly Belgard, Inc.) 


1139 Central Avenue 
WILMETTE, ILL. 
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Pat. No. 530108 


Perspex lined lead shells in the form of a contact lens afford the 
eye complete protection when treating parts very close to the eye 
with X-rays or rays from radio-active substances. By drilling a 
small hole in the shell it is even possible to carry out localised 
treatment of a lesion on the sclerotic without exposing the cornea 
and other parts of the sclerotic to the harmful effects of the 
radiations. The set of lead shells illustrated comprises six sizes for 
both right and left eyes. Smaller cases and single shells are also 
available. Price, complete in case — $97.30. 


of England 63 WIGMORE STREET, LONDON. W.1 
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FOR CHILDREN... 


Jungle gymnasts and playground 
patrons throughout the U.S. are ready 
for 


“Back to School” check-ups... 


Many have asked for it! Now it is ready! 
An entirely new frame designed 
especially for children. In styling and 
construction, the ““Ranger’”’ is as 
definitely masculine as its name. 

Your youthful space-members will want 
the “Ranger.”’ You should have it 

for them! 


*Patterns are available. Just ask; we're glad to 
provide them. 


] a Colors: Pink Crystal, Demi- 


Blonde, Amber Crystal, 
Blonde on Crystal. 


65 
E 
Eye A B Bridge 
34 35 28.5 14-16-18 
36 37 30.5 14-16-18-20 
38 39 32.5 16-18-20 
40 4) 34.5 16-18-20 


P.D.=A+E 43420=63 P.D. 


ART=CRAFT optical CO. INC. 


CRAFT OPTICAL -MIDOLE ATLANTIC, INC 


ART CRAFT OPTICAL OF PHILADELPHIA INC. CRAFT OPTICAL SOUTHWEST, INC 
ART CRAFT OPTICAL OF CHICAGO, INC. CRAFT OPTICAL OF CANADA, LTO. 
CRAFT OPTICAL OF NEW ENGLAND, INC ART CRAFT OPTICAL —INTERAMERICANA, INC 

ART CRAFT OPTICAL-MIDWEST, INC CRAFT OPTICAL EXPORT CORP 
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_ Cleansing of eye with cotton and saline = = Double eversion of upper li 
prior to instilling Pontocaine 0.5 per foreign 


cent solution in both eyes. 


Routine, preliminary, topical use 
of anesthetic facilitates 
EMERGENCY CARE OF RED SORE EYES 


Handling of emergency ophthalmic conditions will simplify 
examination and treatment if an anesthetic such as 
PONTOCAINE hydrochloride 0.5 per cent solution is ap- 
plied as emphasized by McCannel in Minnesota Medicine, 
36:1046, Oct., 1953. 


A special illustrated folder with detailed description 
of various emergency 
ophthalmic technics is available on request. 


PONTOCAINE” hydrochloride 


For topical application, spinal analgesia and nerve block. 


WINTHROP-STEARNS INC. 


WINTHROP 
\ 1450 Broadway, New York 18, N. Y. 


Pontocaine (brand of tetracaine) , trademark reg. U.S. Pat. Off. 
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